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ABSTRACT
In v e s t ig a t io n s  were c a r r ie d  o u t to  develop  methods to  p rep are  
fu n c t io n a l  p r o te in  c o n c e n tra te  from sq u id  ( I l l e x  i l l e c e b r o s u s )♦ 
D eo d o riza tio n  o f  aqueous sq u id  p r o te in  i s o l a t e s  w ith  a com bination 
o f e i t h e r  an a c id - a c t iv a te d  c la y  o r 5% H2O2 end 95% e th a n o l r e s u l te d  
in  p ro d u c ts  hav ing  h ig h ly  s a t i s f a c t o r y  q u a l i t i e s  w ith  r e s p e c t  to  
s o l u b i l i t y ,  em ulsion  s t a b i l i t y ,  and w a te r  up take a b i l i t y  (bo th  sw e llin g  
and w e t t in g ) . A lthough th e se  fu n c t io n a l  p ro te in  c o n c e n tra te s  e x h ib ite d  
somewhat h ig h  l i p i d  c o n te n ts  (1 -  3%), exceed ing  th e  maximum l i p i d  
v a lu e s  (0 .5  -  0.75%) s t ip u la te d  by FAO and FDA, th e se  p ro d u c ts  were 
e s s e n t i a l l y  o d o r le ss  and rem ained s ta b le  even a f t e r  s to ra g e  fo r  s ix  
months a t  roam tem p e ra tu re . The co n v en tio n a l s o lv e n t  e x t r a c t io n  method 
u s in g  a z e o tro p ic  iso p ro p a n o l alone f a i l e d  to  produce a  s u f f i c i e n t ly  
o d o r le s s  p ro d u c t. F o u r-s ta g e  s o lv e n t  e x t r a c t io n s ,  u s in g  a z e o tro p ic  
iso p ro p a n o l in  th e  f i r s t  th re e  and 95% e th a n o l in  the  fo u r th  e x t r a c ­
t i o n ,  r e s u l t e d  i n  a  co m p le te ly  o d o r le s s  sq u id  p ro te in  c o n c e n tra te .  
However, t h i s  p ro d u c t e x h ib ite d  v i r t u a l l y  no f u n c t io n a l i t y .
The aqueous sq u id  p r o te in  i s o l a t e s ,  b o th  d eo d o rized  and undeodo- 
r i z e d ,  as w e l l  as th e  s o lv e n t- e x tr a c te d  p ro te in  c o n c e n tra te ,  e x h ib ite d  
e x c e l le n t  p e p s in  d i g e s t i b i l i t y  (98 .75  -  9 9 .99%) to  r e a d i ly  meet th e  
FAO s ta n d a rd  (92%). The sq u id  p r o te in  c o n c e n tra te s  p rep a red  i n  t h i s  
s tu d y ,  In c lu d in g  th e  aqueous i s o l a t e s  and th e  s o lv e n t- e x t r a c te d  concen­
t r a t e ,  c o n ta in e d  g r e a te r  amounts o f e s s e n t i a l  amino a c id s ,  w ith  the 
e x c e p tio n  o f  try p to p h a n , th an  th e  FAO recommended s ta n d a rd s .  The r a t io s  
o f  e s s e n t i a l  to  t o t a l  amino a c id s  o f  th e se  squ id  p r o te in  p re d u c ts  were 
com parable to  th a t  o f  th e  A s tra  F ish  P ro te in  C o n cen tra te  (FPC) and were
x
s l i g h t l y  h ig h e r  than  thoee of red  hake and golden c ro a k e r  l :C 'a  
p repared  th rough th e  Bureau o f Commercial F is h e r ie s  (BCf) p ro c e ss . 
The sq u id  p r o te in  c o n c e n tra te s  p rep a red  i n  t h i s  s tu d y  co n ta in ed  
89 -  95% p r o te in ,  2 - 3 %  a sh , and 2 -  7% m o is tu re .
The in v e s t ig a t io n s  f u r th e r  dem onstrated  th a t  (1 ) aqueous 
e x t r a c t io n  o f  sq u id  p r o te in  i s  more s tro n g ly  dependent upon pH and 
m a te r ia l  m edium  r a t i o  th a n  upon tem p e ra tu re ; (2 ) s u f f i c i e n t  d e o d o ri- 
z a t io n  o f  aqueous sq u id  p r o te in  i s o l a t e  re q u ire d  a combined use of 
a c id - a c t iv a te d  c la y  or H2O2  and 95% e th a n o l;  (3) th e  s o lv e n t- 
e x t r a c te d  sq u id  p ro te in  c o n c e n tra te  r e ta in e d  a f is h y  odor when 
e x t r a c te d  w ith  a z e o tro p ic  iso p ro p a n o l a lo n e ; e x t r a c t io n  w ith  95% 
e th a n o l ,  fo llo w in g  re p ea te d  iso p ro p a n o l e x t r a c t io n s ,  was n e c e ssa ry  
to  p rep are  an o d o rle ss  p ro d u c t th rough  s o lv e n t  e x t r a c t io n ;  and (b) 
su c ro se  was e f f e c t iv e  i n  a l l e v ia t in g  f re e z in g  d e n a tu ra tio n  o f  squ id  




S qu id , a  member o f th e  Cephalopoda, com prise one o f  th e  la rg est- 
p o te n t i a l  food re so u rc e s  in  the  s e a . Occuoying a n iche near th e  to;, 
o f  th e  food pyram id, th e se  anim als r e p re s e n t  a s to ck  occupying la rg e  
a re a s  o f  th e  ocean , o cc u rrin g  in  tremendous numbers (V oss, 1967;.
Squid a re  s in g u la r ly  f re e  o f  in e d ib le  s p e c ie s .  In s ta n c e s  o f i l ln e s t .  
by e a t in g  sq u id  a re  r a r e ,  compared w ith  thousands o f cases  of sea fo -d  
p o iso n in g  o c cu rrin g  a n n u a lly  as a  r e s u l t  o f  in g e s t io n  o f  s c a le  
c ru s ta c e a n s ,  and v a r io u s  m olluscs (V oss, 1971). In  s p i t e  o f  t h e i r  
d e s ir a b le  q u a l i t i e s  as human food , sq u id  g e n e ra l ly  rem ain a  t r a d i t i o n ­
a l l y  u n d e r-h a rv e s te d  m arine c ro p . T oday 's sq u id  p ro d u c tio n  accounts 
f o r  l e s s  than  1 p e rc e n t o f  th e  w orld  t o t a l  m arine c a tch  (A lton , 19o9), 
o f  which 90 p e rc e n t i s  c o n c e n tra te d  in  th e  n o rth w este rn  w ate rs  o f  th e  
P a c if ic  Ocean a d ja c e n t to  Japan and K orea. With th e  development o f a 
w id er consumer m arket and th e  in tro d u c t io n  o f  im proved f is h in g  te c h ­
n iq u e s , sq u id  h a rv e s tin g  could u n q u e s tio n a b ly  be m u lt ip l ie d  m any-fold 
w ith o u t d e p le t io n  o f th e  re so u rc e .
Squid have lo n g  been accep ted  as an a r t i c l e  o f  human food in  t a r
E a s te rn  c o u n tr ie s .  S pecies  have been consumed t r a d i t i o n a l l y  as d r ie d  
sq u id  (su rum e), sq u id  sauce ( ik a n o - tsu k u d a n i) ,  sq u id  condiment (kond e i , ,  
and s a l t e d  sq u id  ( ik an o - s h io k a ra ) . In  Jap an , sq u id  a re  r e l is h e d  in  a 
v a r ie ty  o f gourmet d is h e s ,  among which a re  smoked squ id  ( lk a n o -k u n se i),  
raw s l i c e d  sq u id  ( ik an o -sash im i or ik a n o -s u s h l) ,  and squ id  cookies 
( ik a  sem bei) .  V arious r e c ip e s  f o r  sq u id  d ish e s  a lso  have been known
to  M ed iterran ean  p eo p les  o r  people o f M ed iterranean  e x tr a c t io n  (V oss,
1971). On th e  o th e r  hand, N orth and C e n tra l Europeans and the  North 
Americans a r e ,  i n  th e  m ain , unaq u a in ted  w ith  squ id  as a p o s s ib le  major
2
food . This i s  e n t i r e ly  due to  th e  u s u a l  p re ju d ic e s  a g a in s t  e a t in g  
u n fa m il ia r  fo o d s. One o f  th e  m ajor f i s h e r i e s  fo r  sq u id  in  N orth America 
i s  o f f  Newfoundland, where most o f  th e  c a tc h  i s  so ld  f o r  b a i t  to  tne  
Grand Banks h an d lin e  cod fisherm en (V oss, 1971) o r  u t i l i z e d  as f e r t i ­
l i z e r  (A lto n , 1969). A nother s iz a b le  sq u id  f is h e r y  e x i s t s  o f f  th e  
C a l i f o rn ia  co a s t}  here  a ls o  th e  h a rv e s t  i s  u t i l i z e d  as a so u rce  of b a i t  
f o r  commercial and p r iv a te  fish erm en .
The p re s e n t  r e se a rc h  was u n d ertak en  to  e x p lo re  optimum pro ced u res  
f o r  m anufacture o f sq u id  p ro te in  c o n c e n tra te  fo r  human consum ption. 
W orld-wide m a ln u tr i t io n  and th e  ou tlook  f o r  im pending food c r i s i s  in  
develop ing  c o u n tr ie s  have p re se n te d  food s c i e n t i s t s  w ith  a ch a llen g e  
to  fo rm u la te  anim al p r o te in  c o n c e n tra te  from co n v en tio n a l and unconven­
t i o n a l  so u rces  as a  means o f  upgrad ing  v e g e ta b le  p r o te in s .  Marine 
re se a rc h  e f f o r t s  o f  th e  p a s t  two decades devo ted  to  t h i s  o b je c t iv e  
have focused  m ain ly  on s c a le  f is h e s  as th e  so u rce  o f  raw m a te r ia l .  
A lthough a  v ia b le  m arine p r o te in  c o n c e n tra te  in d u s try  r e q u ire s  the  use 
o f  many d i f f e r e n t  sp e c ie s  o f m arine l i f e  as th e  so u rce  o f raw m a te r ia l ,  
th e  p re se n t u se  o f  such m a te r ia l  f o r  m anufacture o f anim al p ro te in  con­
c e n tr a te  does n o t ex tend  beyond use o f  such le a n  and r e l a t i v e ly  expen­
s iv e  sp e c ie s  as  hake and cod (Bureau o f  Commercial F is h e r ie s ,  19o6).
Squid was chosen in  th e  p re se n t r e s e a rc h  from c o n s id e ra tio n  o f  i t s  
f a s t  tu rn o v e r ,  h ig h  u t i l i z a t i o n  p o te n t i a l s ,  and e x c e l le n t  food q u a l i t i e s ,  
as w e ll  as o f th e  f a c t  t h a t  i t  r e p re s e n ts  a c u r r e n t ly  v a s t ly  u n d er-  
e x p lo i te d  m arine re so u rc e .
The m arine anim al p ro te in  c o n c e n tra te s  produced today  by th e  
s o lv e n t e x t r a c t io n  methods ( th e  o n ly  known com m ercially  f e a s ib le  method)
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a re  p r a c t i c a l l y  f re e  o f  odor and f la v o r ,  h igh  in  n u t r i t i v e  v a lu e , 
and g e n e ra l ly  s a t i s f y  th e  o rg a n o le p tic ,  p h y s ic a l and chem ical s ta n d a rd s  
d e s ir e d  by th e  food in d u s t r y .  S o lv e n t-e x tra c te d  marine anim al p ro te in  
c o n c e n tra te s  have been used  s u c c e s s fu l ly  to  p rep a re  p r o t e in - f o r t i f i e d  
b re a d s , cook ies and p a s ta s  (Yanez e t  a l . ,  1967; Kwee e t  a l . ,  1969; 
S id w ell e t  a l . ,  1970). However, th e  d en a tu red  p r o te in  r e s u l t in g  from 
s o lv e n t e x t r a c t io n  i s  la c k in g  in  fu n c tio n a l  p r o p e r t ie s  such as s o lu ­
b i l i t y ,  w a te r b ind ing  and h o ld in g  a b i l i t i e s ,  and w h ip p a b il i ty ,  and 1s 
th e re fo re  u n s u ita b le  f o r  a p p l ic a t io n  in  beverages and in  such sem i­
s o l id  foods as s a u sa g e s , luncheon meat fo rm u la tio n s  and whipped to o p - 
in g s .  A re c e n t m arket su rv ey  by Hammonds and C a ll  (1970) concluded 
t h a t  f u n c t io n a l  p ro p e r t ie s  p ro b ab ly  c o n s t i tu te  a  c r u c ia l  f a c to r  in  
d e te rm in in g  th e  m arket p o te n t i a l  of anim al p r o te in  c o n c e n tra te .
In  th e  p re se n t r e s e a rc h ,  co n se q u en tly , th e  fu n c tio n a l  p r o p e r t ie s  
o f th e  sq u id  p ro te in  c o n c e n tr a te ,  p a r t i c u l a r l y  s o l u b i l i t y ,  em u ls ify in g  
a b i l i t y ,  and w a te r b in d in g  and ho ld ing  c h a r a c t e r i s t i c s ,  as w e ll as 
odo r, p r o te in  c o n te n t ,  d i g e s t i b i l i t y  and amino a c id  p r o f i l e ,  c o n s t i tu te  
the  m ajor o b je c t iv e s  o f  th e  s tu d y . The o v e ra l l  re se a rc h  program was 
o rg an ized  in to  su c c e ss iv e  phases o f s tu d y , each  d e a lin g  w ith  (1) f a c to r s  
a f f e c t in g  sq u id  p r o te in  e x t r a c t io n ,  (2 ) methods o f d e o d o r iz a tio n , (3) 
e f f e c t s  o f  f re e z e  d ry in g  on fu n c tio n a l  p r o p e r t i e s ,  and (M  e v a lu a tio n  
o f  th e  p ro d u c ts .
In  th e  work d e a lin g  w ith  squ id  p ro te in  e x t r a c t io n ,  a t t e n t io n  was 
focused  on th e  e f f e c t s  o f  sq u id  p r o te in  i s o l a t e s  o f  such f a c to r s  as 
pH, s a l t  c o n te n t ,  r a t i o  o f sq u id  to  e x t r a c t in g  medium, and te m p e ra tu re , 
and on th e  e f f e c t s  o f  pH on n i tro g e n  p r e c ip i ta t io n  from e x t r a c t s  o b ta in ed
a t  v a rio u s  pH l e v e l s .
In  th e  in v e s t ig a t io n s  d e a lin g  w ith  d e o d o r iz a tio n , r e l a t iv e  e f f e c t s  
o f v a rio u s  d e o d o r iz a tio n  tre a tm e n ts  u s in g  a c id - a c t iv a te d  c la y s ,  hyd ro ­
gen p e ro x id e , e th a n o l  and t h e i r  com binations on th e  rem oval o f  odor 
and on o rg a n o le p tic  s t a b i l i t y  as  w e ll as on th e  s o l u b i l i t y  o f deodor­
iz e d  p ro d u c ts  w ere in v e s t ig a te d .
In  s tu d ie s  d e a lin g  w ith  d ry in g  p ro c e d u re s , e f f e c t s  o f fre ez e  
d ry in g  on d e n a tu ra t la n  o f  p ro te in s  and th e  e f f e c t s  o f  ca rb o h y d ra tes  
(g lu c o se , s u c ro s e , and f ru c to s e )  on th e  p re v e n tio n  o f f re e z in g  dena­
tu r e  t io n  were exam ined.
F in a l ly ,  v a r io u s  sam ples o f  sq u id  p ro te in  c o n c e n tra te  were com­
pared  w ith  each  o th e r  w ith  r e s p e c t  to  t h e i r  fu n c t io n a l  p r o p e r t i e s ,  
p ep s in  d i g e s t i b i l i t y  and co m p o sitio n s . One o f th e se  p ro d u c ts  was a 
s o lv e n t- e x tr a c te d  sq u id  p r o te in  c o n c e n tra te  p rep ared  th rough  fo u r- s ta g e  
e x t r a c t io n s  u s in g  a z e o tro p ic  iso p ro p a n o l and 95% e th a n o l .
REVIBff OF LITERATURE
SQUID
1 . S p ec ies  and D is tr ib u t io n  o f  Squid
S q u id , a  member o f th e  Cephalopoda, range from sp e c ie s  an in ch  
long  t o  th e  g ia n t  A rc h lte u th is  o f  co ld  d ep ths o f f  Newfoundland and 
e lse w h e re , w hich i s  consumed by sperm w hales . Sm all s q u id s ,  such as 
th o se  o f th e  genus L o lig o , sometimes occu r in  enormous s c h o o ls ; th e se  
a re  a so u rce  o f  food f o r  some s h a rk s ,  many f i s h e s ,  and m arine mammals 
and a re  u sed  as b a i t  by f ish e rm en , e s p e c ia l ly  f o r  cod . Squids are  
a ls o  w id e ly  used  as human food in  th e  O r ie n ta l  and M editerranean  coun­
t r i e s .  These an im als occur in  trem endous numbers in  v a rio u s  a re a s  o f 
th e  ocean and a re  one o f  th e  most p r o l i f i c  and ra p id ly -re n e w a b le  r e ­
so u rces  o f  th e  s e a  (V oss, I9 6 0 ) . The p e r io d  re q u ire d  fo r  sq u id  to  reach  
m a tu r ity  i s  rem arkab ly  s h o r t ,  o f te n  no more th an  f iv e  months from emer­
gence from th e  egg to  sex u a l m a tu r ity  and f u l l  growth in  some s p e c ie s .  
T h e ir  l i f e  span i s  l ik e w ise  s h o r t ,  su g g e s tin g  an anim al re so u rc e  w ith  
f a s t  tu rn o v e r  and h ig h  u t i l i z a t i o n  p o t e n t i a l s .
The l o l i g i n i d  sq u id s  a re  l i t t o r a l  an im a ls , m ain ly  c o n c e n tra te d  
ov er th e  c o n t in e n ta l  s h e l f  in  co m p ara tiv e ly  s h o a l w a te r .  They schoo l 
d u rin g  most o f  th e  y e a r ,  and a re  amenable to  c a p tu re  w ith  co n v en tio n a l 
f i s h in g  g e a r .  They a ls o  com prise a  group p rep ared  fo r  food in  th e  Medi­
te r ra n e a n  and i n  th e  O r ie n t. A comnon example i s  L o ligo  p e a l e i , th e  
s o -c a l le d  "common" or "food" sq u id  o f  th e  A t la n t ic  c o a s t ,  which range 
along  th e  New England s t a t e s ,  F lo r id a ,  and th e  G u lf o f  Mexico. This 
sp e c ie s  a t t a i n s  a t o t a l  le n g th  o f about 0 .5  m and i s  e x c e l le n t  e a t in g .  
The " th u m b -s ta ll"  sq u id  o f th e  A t la n t ic  c o a s t ,  L o ll ig u c u la  b r e v i s , 
belong to  th e  same fa m ily ; t h i s  i s  a  s h o r t-b o d ie d , heavy sq u id , v ery
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m eaty anrl I d e a l  f o r  can n in g . At l e a s t  two t r o p i c a l  sp e c ie s  o f the  
l o l l g i n i d  fam ily  a re  known a long  th e  A t la n t ic  c o a s t ,  D o ry teu th is  p le i  
and S e p lo te u th ls  s e p lo ld e a , w hich a re  meaty and o f ;ood e a t in g  q u a l i ty .  
S tu d ie s  o f L. b re v is  and S . s e p io id e a  in d ic a te  th a t  th e se  two sp e c ie s  
a t  l e a s t  have a  v e ry  s h o r t  grow ing p e r io d , re a ch in g  m a tu rity  in  about 
s ix  m onths. T h e ir  l i f e  span i s  p ro b ab ly  n o t much more th a n  one o r two 
y e a r  8 . L o lig o  p e a le i  i s  presumed to  l i v e  on the  average f o r  two to  
th re e  y ea rs  (V oss, 1971). The l o l i g i n i d  sq u id  along th e  P a c if ic  co as t 
i s  L o lig o  p a le s c e n s ,  which i s  th e  m a in stay  o f  th e  C a l i fo rn ia  squ id  
f i s h e r i e s .  This s p e c ie s  has been found a s  f a r  n o r th  as Puget Sound 
and as f a r  so u th  as th e  G ulf o f  C a l i f o rn ia .
The fam ily  Ommastrephidae a re  in  g e n e ra l  h ig h  se a s  sq u id , o f  which
th e  main com m ercial sq u id  o f  Japan and K orea, Todarodes p a c i f i c u s , i s  a
member. At l e a s t  th re e  s p e c ie s  o f  t h i s  fa m ily , I l l e x  l l l e c e b r o s u s ,
Todarodes s a g i t t a t u s , and Qnmastrephes p te ro p u s , are  known to  e x i s t  in  
abundance in  th e  A tla n t ic  Ocean. I .  l l le c e b ro s u s  or " b a i t  sq u id "  ranges 
w id e ly  betw een Newfoundland and the  t r o p i c a l  A t la n t ic .  T. s a g i t t a tu s  
and 0 . p te ro p u s  a re  th e  main sp e c ie s  landed  in  th e  Canary I s la n d  
f is h in g  ground. These two anim als a re  s t r i c t l y  high se a s  sq u id , no t 
en co u n tered  over the c o n t in e n ta l  s h e l f ,  b u t e a s i l y  b rought to  a b o a t 's  
s id e  a t  n ig h t  w ith  an e l e c t r i c  l i g h t .  They reach  a  la rg e  s i z e ,  a re  
v e ry  m eaty, and the su p p ly  seems n e a r ly  in e x h a u s tib le  (A lto n , 1 ? 6 9 ;•
2 . S quid  F is h e r ie s
Squid  re p re s e n t a  re so u rc e  w hich has been t r a d i t i o n a l l y  v a s t ly  
u n d e r -e x p lo ite d  (L y le s , 1968). From 1961 t o  1966, w o r ld 's  sq u id  p ro ­
d u c tio n  ranged  from U53 thousand m e tric  to n s  in  196U to  820 thousand
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m e tric  to n s  i n  1963 (see  Appendix Table 1 ) .  However, t h i s  p ro d u c tio n  
accoun ted  f o r  a v e ry  sm a ll p ro p o r tio n  o f  th e  t o t a l  marine h a rv e s t .
For in s ta n c e ,  in  1966, squ id  com prised l e s s  th an  one p erco n t o f  the  
w o r ld s  f i s h e r i e s  c a tc h  (A lto n , 1969).
In  on ly  a  few c o u n t r ie s ,  i . e . ,  Japan  and K orea, does sq u id  com prise 
a m ajor f is h e r y  o p e ra t io n . The g r e a te s t  p ro p o rtio n  o r th e  w orld  sq u id  
c a tc h  i s  o b ta in e d  i n  th e  n o rth w e ste rn  P a c if ic  from the  w a te rs  a d ja c e n t 
to  Japan and Korea. These two c o u n tr ie s  a lone  account f o r  app rox im ate ly  
90 p e rc e n t of th e  w orld  an n u a l sq u id  p ro d u c tio n . In  1966, 77 p ercen t 
o f the  w orld c a tc h  was tak en  by Japan , w hile Korea accounted  fo r  12 
p e rc e n t o f the  w orld  c a tc h ,  fo llow ed  by Spain w ith  o n ly  2 p e rcen t 
(A lto n , 1969).
In  o th e r  c o u n t r ie s ,  sq u id  f i s h e r y  u s u a l ly  i s  a sm all lo c a l  o p era ­
t io n  or one in c id e n ta l  t o  o th e r  f i s h e r i e s .  For in s ta n c e ,  the  g r e a te s t  
p o r t io n  o f squ id  p r e s e n t ly  lan d ed  in  the  Carid.bean and the l u l f  of 
Mexico re g io n s  come from shrim p tra w ls  a s  a  b y -p ro d u c t of th e  shrim p 
in d u s t ry  (V oss, 19 7 1 ). In  t h i s  way, o n ly  th o se  s p e c ie s  o f  sq u id  th a t  
l i e  on or near th e  bottom  a re  c a u g h t, e l im in a tin g  th o se  in  m id-w aters 
o r a t  th e  s u r f a c e .  These l a t t e r  groups o f te n  sch o o l in  g re a t  numbers, 
and a re  th u s  s u s c e p t ib le  to  c a p tu re .  However, i n t e r e s t  in  opening new 
f i e ld s  i s  in c re a s in g  and o th e r  c o u n tr ie s  a re  beg inn ing  to  develop  t h e i r  
own sq u id  f i s h e r i e s .
Annual lan d in g s  o f  sq u id  i n  Japan have in c re a se d  c o n s id e ra b ly  a f t e r  
th e  second w orld  w ar. P r io r  to  19U0, th e  p ro d u c tio n  o f  sq u id  was only  
between 75>000 t o  1 5 0 ,0 0 0  m e tric  to n s .  The h ig h e s t  la n d in g s  (652,000 
m e tr ic  t o n s ) were reco rd ed  f o r  1952 and re p re s e n te d  abou t Hi p e rc e n t o f
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the  t o t a l  m arine h a rv e s t  in  Japan . S l ig h t ly  l e s s  th an  h a l f  of the 
s h e l l f i s h  lan d in g s  fo r  th e  y ea rs  1959-62 c o n s is te d  of squid  (See 
Appendix Table 2j A lto n , 1969). The Japanese c o n s id e r  th a t  th e  produc­
t io n  o f sq u id  i n  t h e i r  horns w ate rs  has reached  a  maximum (Soeda, 195o) .
In  a d d it io n  t o  home p ro d u c tio n , th e  Japanese have approached fo re ig n  
m arkets t o  in c re a s e  th e  su p p ly  o f sq u id , a c t iv e ly  buying squ id  from 
n e ig h b o rin g  c o u n tr ie s  and sen d in g  t h e i r  own sh ip s  in to  many a re a s  of 
th e  w orld ocean . Japanese f is h in g  v e s s e ls  now o p e ra te  in  th e  G ulf of 
Guinea o f f  West A f r ic a  and Japanese f is h in g  companies buy a la rg e  p e r ­
cen tag e  of th e  c a tc h  from th e  S aharan  Banks n ea r th e  Canary I s la n d s  
(V oss, 1971).
The com m ercial f i s h e r i e s  fo r  squ id  in  th e  U nited  S ta te s  has been 
c e n te re d  o f f  th e  P a c i f ic  c o a s t in  C a l i f o rn ia .  The average annual l a n ­
d in g  i s  n e a r ly  8 ,000  m e tric  to n s  va lued  a t  about a h a l f  m il l io n  d o l la r s  
(L y le s , 1968). In  1916, th e  ca tch  was about 11*0 to n s .  This in c re a se d  
s te a d i ly  u n t i l  19U2 to  abou t U00 to n s .  Re-opening of fo re ig n  m ark e ts , 
combined w ith  a  d ram atic  p o p u la tio n  in c re a se  in  t t e  s q u id , L. p a le s c e n s , 
le d  to  a  peak c a tc h  i n  19U6 o f 19,000 to n s  ( F ie ld s ,  1965). S ince then  
th e  an n u a l c a tc h  has f lu c tu a te d  between 1 ,000  and 1,700 m etric  to n s .
In  th e  p e r io d  1961 to  1966, an n u a l lan d in g s  have in c re a se d  so  th a t  p ro ­
d u c tio n  in  1965 and 1966 reached  9,300 and 9 ,500 to n s  r e s p e c t iv e ly  
(See Appendix T ab le  3) A lto n , 1969).
Because o f  th e  d if fe re n c e s  in  th e  b eh av io r and h a b i t a t  o f the 
two p r in c ip a l  sq u id  groups h a rv e s te d  in  th e  w o rld , a  d i s t i n c t  type  of 
f is h in g  has r e s u l te d  fo r  each group (A lto n , 1969). The ocean ic  squ id s  
a re  f is h e d  w ith  j i g s .  As the  sq u id s  approach to  w ith in  abou t UO m eters 
o f th e  s u rfa c e  a t  d u sk , l i g h t s  a re  tu rn e d  on to  a t t r a c t  them to  th e
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s id e  of th e  b o a t .  The j i g s ,  equipped w ith  a  b a i te d  o r  co lo red  hook, 
a re  je rk e d  up and down f o r  s e v e ra l  f e e t  and the  squ id  i s  hooked when 
i t  a tte m p ts  to  a t ta c k  th e  l u r e .  The j i g  i s  u s u a l ly  handled manually 
w ith  the a id  o f a  lo n g  p o le , and th i s  way an average ca tch  per person 
on a  ty p ic a l  sq u id  f is h in g  v e s s e l  may amount to  1 ,000 to  1,500 squ ids 
p e r  n ig h t  (F is h e r ie s  Agency o f  Jap an , 1958). In  re c e n t  y e a rs , the 
Japanese have developed an au to m atic  j ig g in g  m achine, which has been 
su b seq u en tly  adopted  by th e  Canadian and Newfoundland f i s h e r i e s  to  
b o o s t t h e i r  sq u id  p ro d u c tio n  ( Ig a ra s h i  e t  a l . ,  1968).
Roundhaul n e ts  have been s u c c e s s fu l ly  used  to  h a rv e s t L. p a lescen s  
in  C a l i f o rn ia  c o a s ta l  w a te r .  These n e ts  a re  long  w a l l - l ik e  s e in e s ,  
e i t h e r  lam para o r p u rse  s e in e s ,  t h a t  when f is h e d  a re  l a id  o u t in  a 
c i r c l e  around a  sch o o l o f s q u id . When th e  c a tc h  i s  hau led  i n ,  th e  two 
ends o f th e  n e t  a re  b rough t to g e th e r  and th e  opening of the  bottom  of 
th e  n e t  i s  p a r t i a l l y  c lo se d  t o  impound th e  sq u id  (A lto n , 19o9).
The sq u id  p o te n t i a l  o f  N orth A t la n t ic  i s  v e ry  g r e a t .  Before 19o2, 
th e  cephalopod c a tc h  on th e  S aharan  Banks was in c id e n ta l  to  th e  scaLe 
f is h e r y  and o f  l i t t l e  im p o rtan ce . In  1963, th e  c a tc h  of o c to p u s, c u t t l e  
f i s h  and sq u id  took  a  d ram atic  upsw ing, and in  1967 amounted to  over 
600,000 m e tr ic  to n s  (V oss, 1971). I f  th e  e f f o r t  (56,000 fisherm en) 
t h a t  goes in to  th e  h a rv e s tin g  o f squ id  in  Japanese w aters  was a p p lie d  
t o  the  N orth A t la n t ic ,  u n q u e s tio n a b ly  a  s u b s ta n t i a l  in c re a se  i n  the 
p ro d u c tio n  o f sq u id  would occur in  t h a t  a r e a .  However, a t  p r e s e n t ,  the 
m arket f o r  sq u id  in  th e  European and N orth  American c o u n tr ie s  b o rd e rin g  
th e  A t la n t ic  i s  v e ry  sm a ll. I f  th e  m arket demand should  in c re a s e ,  no 
doubt improved h a rv e s tin g  methods such as m id-w ater tra w ls  and au tom atic
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J i b i n g  d ev ices  would be in tro d u c e d . Subsurface sh o a ls  of oceanic 
sq u id s  could be d e te c te d  by a c o u s t ic a l  d e v ic e s ,  and f ish e d  w ith  miri- 
w a te r  tra w ls  p o s it io n e d  by d ep th  d e lem etry  sy stem s. More re se a rc h  
cou ld  be done on methods of a g g reg a tin g  and a t t r a c t i n g  sq u id  by means 
o f l i g h t s  o r e l e c t r i c i t y .  The West I n d ie s ,  North A t la n t ic ,  th e  w aters 
o f f  N orthw est A f r ic a ,  o f f  C hile and A rg en tin e , a re  among the  a reas  
t h a t  may su p p o rt commercial sq u id  f i s h e r i e s  (A lto n , 1969).
3 . B io lo g ic a l ,  P h y s ic a l and Chemical P ro p e r t ie s  o f Squid
Squid belong  to  th e  c la s s  Cephalopoda, along w ith  n a u t i l i  and 
o c to p u se s , which a re  th e  most h ig h ly  developed m o llu sc s . The la rg e  
head has two conspicuous eyes and a  c e n t r a l  m outh, which i s  surrounded 
by 10 f le s h y  arms b e a r in g  c u p - lik e  su c k e rs ; th e  fo u r th  p a i r  o f  arms a re  
long  r e t r a c t i l e  t e n t a c l e s .  The s le n d e r  c o n ic a l  body has a  f le s h y  t r i ­
a n g u la r  f i n  a lo n g  e i t h e r  s id e  o f  th e  ta p e re d  e n d . Below th e  neck i s  
a  m uscu lar fu n n e l, o r  s ip h o n , w hich i s  used  f o r  " j e t '1 locom otion , 'h e  
m a n tle , f i n s ,  s iphon  and arms a re  a l l  m u scu la r. In  th e  a n te r io r  w a ll 
o f  th e  body i s  a  horny  c h itin a c e o u s  "pen", the s h e l l ,  s t i f f e n in g  the 
body; a  c a r t i l a g e - l i k e  case su rrounds th e  " b ra in " ;  th e re  i s  a  nuchal 
c a r t i la g e  over th e  neck and s im i la r  su p p o rt f o r  th e  siphon  and f in s .
The s k in  c o n ta in s  many chrom atophores, each  w ith  yellow  or brown pigm ent 
i n  an  e l a s t i c  capsu le  surrounded by muscle c e l l s .  Squid do no t c o n ta in  
s c a le s  o r bones. Above th e  rectum  i s  th e  g la n d u la r  in k  sa c ; the  ink  is  
a  dark  pigm ent t h a t  can be fa rc e d  ou t th e  s iphon  to  produce an a q u a tic  
"smoke" s c re e n , under cover o f which th e  squ id  can escape from an enemy.
The f le s h  o f  th e  sq u id  i s  g e n e ra l ly  w h ite , te n d e r ,  and em its  le s s
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odor th an  most m arine s p e c ie s .  L i t t l e  d a ta  ex is t, reg a rd in g  the  d e ta i le d  
b io lo g ic a l  and chem ical c h a r a c t e r i s t i c s  o f  the  squ id  m usclp . Shim izu 
e t  a l .  (1955a, b ) s t a t e  t h a t  th e  sq u id  m uscle , which c o n ta in s  a very  
sm all amcunt o f  h i s t i d i n e ,  i s  seldom to x ic  because l i t t l e  h is ta n in e  
i s  formed accompanying s p o i la g e .  These in v e s t ig a to r s  a ls o  a s s e r t  th a t  
th e  n o n - ta x ic i ty  o f  the squ id  m uscle can in  p a r t  be a t t r i b u t e d  to  the 
fo rm a tio n , a t  th e  e a r ly  s ta g e  o f  p u t r e f a c t io n ,  o f  a  la rg e  amount o f 
trim e th y lam in e  o x id e , u re a  and f re e  monoamino a c id s  which tend  to  r e ta rd  
decom position  of h i s t i d in e  in to  h is ta m in e . Shimizu e t  a l .  (1952; repoi-t 
t h a t  th e  squ id  meat resem bles r e d - f le s h e d  f i s h  such as tu n a  w ith  re.\>pect 
to  th e  h igh e x tr a c ta b le  n itro g e n  co n ten t ( i . e . ,  800 mg e x t r a c ta b le  N 
p e r  lOOg m ea t) . Amano e t  a l .  (1951) r e p o r t  t h a t  sq u id  meat c o n ta in s  
g r e a te r  amounts o f  amino a c id s  than  do whale meat and s e v e ra l  sp e c ie s  
o f  m u sse l. A ccording t o  M ig ita  (1 9 5 3 ), sq u id  meat i s  f a r  more r e a d i ly  
s o lu b le  i n  w a te r  th an  th a t  o f f i s h .  U nlike i t s  c o u n te rp a r t  in  f i s h  
m ea t, m yosin e x t r a c te d  from sq u id  meat i s  w a te r so lu b le  and ex trem ely  
s ta b le  a g a in s t  d e g rad a tio n  d u rin g  s to r a g e .  M ig ita  f u r th e r  a s s e r t s  th a t  
d i g e s t i b i l i t y  o f  sq u id  meat i s  e s s e n t i a l l y  e q u iv a le n t to  th a t  o f  h a l ib u t .
O bata e t  a l .  (1952) a t t r i b u t e  th e  c h a r a c t e r i s t i c  aroma of d r ie d  
sq u id  t o  th e  p resence  o f  t a u r jn e .  Yamanishi e t  a l .  (1955, 1956) found 
the o f fe n s iv e  odor c h a r a c t e r i s t i c  o f  b o ile d  sq u id  to  be a s s o c ia te d  
w itn  a s u lf u r -c o n ta in in g  amine w ith  p ip e r id in e  n u c le u s , and th a t  o f 
r a in - s p o i le d  squ id  w ith  u n s a tu ra te d  f a t t y  a c id s ,  ammonia, trim e th y lam in o , 
p ip e r id in e ,  in d o le  and two u n id e n t i f ie d  am ines. Obata e t  a l .  (1953) 
i d e n t i f i e d  pheny l a c e t ic  a c id  as th e  sou rce  of the u n p le a sa n t odor 
a s s o c ia te d  w ith  squ id  l i v e r  o i l .
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The l i t e r a t u r e  re v e a ls  s c a n t  ev id en ce  o f s e r io u s  a ttem p ts  to  p rocess 
sq u id  in to  e d ib le  p r o te in  c o n c e n tra te .  In  Jap an , a  p a te n t  was g ran ted  
in  19U8 on a  method to  p re p a re  an e d ib le  sq u id  m eal (T ak e i, 19U8). In  
t h i s  m ethod, whole f r e s h  sq u id  i s  s u b je c te d  t o  a u to ly s is  in  a  s t i r r e d  
aqueous s o lu t io n  (sq u id s  w a te r  « 100: 20) a t  50°C fo r  30 m in. The 
p ro ce ss  r e a d i ly  s e p a ra te s  th e  meat f ro n  th e  v i s c e r a  and s k in .  A fte r  
s to p p in g  th e  r e a c t io n  by r a i s in g  th e  tem p era tu re  above 80°C, th e  meat 
f r a c t io n  (UO p a r t s )  i s  s e p a ra te d  from th e  d ig e s te d  l iq u id  phase (80 
p a r t s ) ,  w ashed, d e h y d ra te d , d r ie d ,  and m il le d . The r e s u l t in g  p roduct 
i s  s a id  to  be a  f re e - f lo w in g  f l o u r ,  n e a r ly  w hite  in  c o lo r ,  h ig h ly  
a ro m a tic , c o n ta in in g  20 p a r t s  o f  s q u id . Kawada e t  a l .  (1955) r e p o r t  
t h a t  d i g e s t i b i l i t y  o f  t h i s  sq u id  f lo u r  was s u p e r io r  to  t h a t  o f cod 
m eal.
R e c e n tly , VioBin C o rp o ra tio n  i s  r e p o r te d  to  have p ro cessed  squ id  
in to  n an -d eo d o rised  and d eo d o rized  p r o te in  c o n c e n tra te s  'A n n ., 1969). 
However, d e ta i l e d  d a ta  on th e se  p ro d u c ts  have n o t  been r e le a s e d .
P ro d u c tio n  o f  p r o te in  c o n c e n tra te  from m arine an im als fo r  human 
consum ption i s  by no means a  new id e a .  A ccording t o  P a r is e r  (1967;, 
a l a r g e - s c a le  p ro c e ss in g  in d u s t r y  e x is te d  in  a n c ie n t Rome th a t  manu­
fa c tu re d  liquam en , an e d ib le  c o n c e n tra te  p rep a red  from tr a s h  f i s h .  
Throughout the F a r  E a s t ,  m arine anim al p r o te in  c o n c e n tra te s  i n  the form 
o f  f i s h  s a u c e , condim ents and p a s te s  have been m anufactured  f o r  many 
c e n tu r ie s  (K hobl, 1967; H a le , 1972). However, o n ly  in  th e  p a s t  25 y e a r s ,  
l a r g e ly  due t o  th e  e f f o r t s  o f  UNICEF, FAO and WHO o f  th e  U nited Na­
t io n s  (FAO, 195U, 196U), has in te n s iv e  s c i e n t i f i c  a t t e n t io n  been g iven
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t o  t h i s  a re a  (A u tre t ,  1967).
P io n eerin g  e f f o r t s  to  develop  a p rocedure f o r  producing  e d ib le  
p ro te in  c o n c e n tra te  from m arine anim als were begun in  th e  e a r ly  1950 s 
in  such c o u n tr ie s  as th e  U nited  S t a t e s ,  Canada, and Union o f  South 
A f r ic a  (L ib ra ry  o f  C ongress, 1970). Of p a r t i c u l a r  im portance was th e  
developm ent by th e  VioBin C o rp o ra tio n  o f M o n tic e llo , I l l i n o i s ,  o f a 
s im u ltan eo u s d e h y d ra tio n  and d e f a t t in g  p ro cess  u s in g  iso p ro p a n o l-w a te r  
azeo tro p e  as  s o lv e n t  in  1950 (Worsham e t  a l . ,  1950; L ev in , 1952, 1959} 
Levin e t  a l . ,  1955} VioBin C o rp o ra tio n , 1956). The p ro d u ct r e s u l t in g  
from th e  VioBin p ro ce ss  was a s l i g h t l y  ta n n ed , g e n e ra l ly  o d o rle ss  and 
t a s t e l e s s  f i s h  f lo u r  w ith  a  p ro te in  c o n te n t o f  72 -  77 T his p ro cess  
was th e  b a s is  o f  th e  f i r s t  f u l l - s c a l e  i n d u s t r i a l  p la n t  o f  i t s  kind 
(p ro d u c tio n  c a p a c i ty  o f 100 to n s /d a y )  founded a t  New B edford , Massa­
c h u s e t t s ,  i n  1956 (Knobl e t  a l . ,  1971).
In  Canada, a  s e r i e s  o f r e se a rc h e s  on th e  e f f i c i e n c y  o f v a rio u s  
e x t r a c t in g  a g e n ts ,  i . e . ,  a c e to n e , iso p ro p a n o l, e th y l  a lc o h o l and t r i -  
c h lo ro e th y le n e , were c a r r ie d  ou t s in c e  1955 a t  th e  H a lifax  Technolo­
g ic a l  L a b o ra to ry  o f  th e  F is h e r ie s  R esearch Board o f Canada (Bambergs, 
1956; F o ugere , 1962). One o f  th e  experim en ts y ie ld e d  a  p r o te in  con­
c e n t r a te  p ro d u c t,  c o n ta in in g  as  much as 9U -  98$ p r o te in ,  from f is h  
o f f a l ,  ex c lu d in g  h e a d s , o f  cod , haddock and hake (Guttman and /anden- 
h e u v e l, 1957} Dambergs, 19 5 9 ). T h is p ro cess  used  iso p ro p a n o l f o r  bo th  
d e h y d ra tio n  and d e f a t t in g .
In  S ou th  A f r ic a ,  D re o s ti succeeded as e a r ly  as 1937 in  producing  
e d ib le  e x p e rim e n ta l p r o te in  f lo u r  from th e  o i ly  l o c a l  f i s h  M aasbanker, 
Jack m ackerel (A nn ., 1956} D re o s ti  e t  a l . ,  1955-56, 1957). An a c c e le ­
r a te d  re s e a rc h  e f f o r t  u n d ertak en  s in c e  1950 by th e  F ish in g  In d u s try
R esearch  I n s t i t u t e  o f  South A f r ic a  r e s u l te d  i n  one o f th e  e a r l i e s t  
s o lv e n t e x t r a c t io n  p ro cess  f o r  m anufacture o f  m arine anim al p ro te in  
c o n c e n tra te ,  u s in g  e th y l  a lc o h o l as th e  s o lv e n t  f o r  th e  e x t r a c t io n  o. 
f i s h  m eal (FAO, 1957; Holman, 1959). The f i s h  f lo u r  produced in  a 
p i l o t  p la n t  o f  Marine O il R e f in e rs  o f  A f r ic a ,  L td . ,  in  1956 was a 
co m p le te ly  n e u t r a l  p ro d u c t w ith  a  p r o te in  c o n te n t o f apo rox im ate ly  
80*.
Encouraged by th e se  e a r ly  s u c c e s s e s , and w ith  te c h n ic a l  and f in a n ­
c i a l  a s s is ta n c e  from FAO and UNICEF o f th e  U nited  N ations (FAO, 19^U), 
by th e  end o f  th e  1 9 5 0 's  e f f o r t s  to  develop  a method fo r  producing 
p r o te in  c o n c e n tra te  frcm  m arine anim als had e n l i s te d  a  number o f o th e r  
c o u n t r ie s . Among th e s e  were C h ile  (FAO, 195U), Mexico (L ev in , 1 9 5 9 ;, 
Morocco (FAO, 196U), P a k is ta n  (Abdul Haq e t  a l . ,  I9 6 0 ) , In d ia  (Mohanty 
e t  a l . ,  1955), T ha iland  (B iso ly a p u tra , 1958), Hungary (L o rin ez , 1951), 
and Japan (Kawada e t  a l . ,  1955). A p i l o t  p la n t  a t  Q u in te ro , C h ile , 
e s ta b l i s h e d  in  195U through  a s s is ta n c e  o f  UNICEF, succeeded i n  manu­
f a c tu r in g  a  s a fe  d e fa tte d -d e o d o r iz e d  p r o te in  c o n c e n tra te  o f h ig h  b io lo ­
g ic a l  v a lu e  from th e  l o c a l  hake (M erluccius g a y i) th rough  an in d i r e c t  
s team -h ea ted  d eh y d ra tio n  fo llow ed  by h e x a n e /e th an o l d e f a t t in g  and 
d e o d o r iz a tio n  (Yanez e t  a l . ,  1967). The Q u in te ro  p ro d u c t, a l i g h t  
c o lo re d , p r a c t i c a l l y  o d o rle ss  and t a s t e l e s s  p ro d u c t, was su b seq u en tly  
in c o rp o ra te d , w ith  good r e s u l t s ,  in to  c h i ld r e n 's  d i e t s ,  in c lu d in g  
b re a d , p a s ta s ,  and ro a s te d  whole wheat m eal.
E f fo r ts  r e l a t in g  t o  m arine anim al p r o te in  c o n c e n tra te  during, th e  
1960 ' s fo cu sed  on developm ent o f  com m ercially  f e a s ib le  p ro ced u res . 
Im p o rtan t p ro g re ss  in  t h i s  d i r e c t io n  was made by an a c c e le ra te d  re se a rc h
program I n i t i a t e d  a t  th e  T ech n o lo g ica l L ab o ra to ry  of th e  Bureau of 
Commercial F is h e r ie s  (BCFj p r e s e n t ly ,  N a tio n a l Marine F is h e r ie s  S e rv ic e )  
a t  C ollege P ark , Maryland (S nyder, 1967). In  o rd e r  f o r  the  p ro te in  
c o n c e n tra te  to  be econom ical, and th u s  u s e fu l  as a p ro te in  supplem ent 
in  d ev e lo p in g  c o u n t r ie s ,  i t  would have to  be p rep ared  from whole f i s h .
The Food and Drug A d m in is tra tio n  (FDA) e a r l i e r  had ru le d  th a t  th e  
m arine anim al p r o te in  c o n c e n tra te  cou ld  n o t be made from f is h  c o n ta in ­
ing  v is c e ra  and heads (F e d e ra l R e g is te r ,  1962). The purpose of th e  
Bureau o f  Commercial F is h e r ie s  program  was to  d e m o n stra te , c o n tra ry  to  
FDA's o b je c t io n s ,  t h a t  a  wholesome, n u t r i t i o u s ,  s ta b le  and lo w -co st 
p ro te in  c o n c e n tra te  could  be m anufactured from whole f i s h  th ro u  ;h a 
com m ercially  f e a s ib le  method.
The c o n c lu s io n  o f  th e  Bureau o f Commercial F is h e r ie s  a c c e le ra te d  
program in  1966 (Bureau of Commercial F i s h e r ie s ,  1966) le d  to  s e v e ra l 
Im p o rtan t developm ents. In  1967, FDA is su e d  a  new r u l in g  approving 
"wholesome hake o r h a k e - lik e  f i s h ,  in c lu d in g  h ead s , f i n s ,  t a i l s ,  v is c e ra  
and i n t e s t i n a l  c o n te n ts "  f o r  use in  m anufactu ring  anim al p r o te in  con­
c e n tr a te  (F e d e ra l R e g is te r ,  1967). The 3CF p ro cess  u s in g  iso p ro p an o l 
as an e x t r a c t a n t ,  and o th e rs  u s in g  e th y le n e  d ic h lo r id e  follow ed by 
iso p ro p a n o l, were o f f i c i a l l y  approved. The ru lin g  a l s o  e s ta b l is h e d  
th e  minimum a c c e p ta b le  p r o te in  c o n te n t (75%) and a llo w ab le  maximum le v e ls  
f o r  f a t  (0,5%) and m o istu re  (10%) c o n te n ts ,  s o lv e n t  re s id u e s  i r  f is h  
p ro te in  c o n c e n tra te  ( iso p ro p a n o l 250 ppm, C2H^Cl2 5 ppm), and f lu o r id e s  
(100 ppm) n a tu r a l ly  found in  f i s h .
Once hake and h a k e - lik e  sp e c ie s  were approved by FDA fo r  use in  
m anufacture o f  f i s h  p r o te in  c o n c e n tra te  (FFC), s tu d ie s  were i n i t i a t e d
on f a t t y  f i s h ,  such  as  menhaden, anchovy, and h e rrin g  (Snyder, 19^7).
In  1967, U. S . Congress a p p ro p ria te d  two m il l io n  d o l la r s  to  e s ta b l i s h  
an ex p e rim en ta l and d em o n stra tio n  p la n t  a t  A berdeen, W ashington (U. 5 . 
Congress F \ib lic  Law 8 9 -7 0 1 ), f o r  th e  purpose o f  d em o n stra tin g  an i s o ­
propano l e x t r a c t io n  p ro cess  and t o  produce s u f f i c i e n t  q u a n t i t i e s  o f 
FFC fo r  u t i l i z a t i o n  s tu d ie s  by U. S . in d u s t r ie s  and th e  Agency fo r  I n te r  
n a t io n a l  Development (AID) o f  the  S ta te  Departm ent (E rn s t ,  1972). A 
few i n d u s t r i a l  p la n ts  were a l s o  e s ta b l is h e d  d u rin g  t h i s  p e r io d , among 
them a  modern p ro te in  c o n c e n tra te  p la n t  o f th e  A s tra  C o rp o ra tio n  o f 
Sweden (L aw ler, 1970), a  p la n t  a t  Canso, Ilova S c o t ia ,  Canada, o f th e  
C a rd in a l P ro te in s ,  L td . (Khobl e t  a l . ,  1971), and a  f a c to ry  sh ip  M/S 
A s tra  (p ro d u c tio n  c a p a c ity  abou t U0 to n s /d a y )  o f  the A s tra  C o rp o ra tio n  
(L aw ler, 1970). The N a tio n a l B is c u i t  Company, U. S . A ., and th e  A stra  
C o rp o ra tio n  u n i te d  to  form th e  N ab isco -A stra  N u tr i t io n a l  Company, a 
j o i n t  v en tu re  t o  produce and m arket p r o t e in - f o r t i f i e d  foods (Khobl e t  
a l . ,  1971)* V arious p a te n ts  f o r  m anufacture  o f  FPC were e s ta b l is h e d  
by such  m ajor food companies as  th e  G en era l Foods C o rp o ra tio n  (Moshy, 
1963) R o g ers , 1963) Whaley e t  a l . ,  1965) 1966), and Emil V ogel, A. G ., 
o f  Germany (K hobl, 1967)# among o th e r s .  T ech n ica l and p a te n t  l i t e r a ­
tu r e s  on FPC le a d in g  up  to  1970 were com piled in to  a  com prehensive 
b ib lio g ra p h y  by th e  S p e c ia l  B ib lio g ra p h ie s  S e c tio n  o f  th e  L ib ra ry  of 
Congress (L ib ra ry  o f  C ongress, 1970).
Most la r g e - s c a le  e f f o r t s  devoted  t o  m anufacture o f  p r o te in  concen­
t r a t e  from m arine an im als th u s  f a r  in v o lv ed  s o lv e n t  e x t r a c t io n  p ro cesses  
However, th e  s o lv e n t- e x tr a c te d  FPC p o ssesses  l i t t l e ,  i f  any , fu n c tio n a l 
p ro p e r t ie s  such as w a te r  s o l u b i l i t y ,  w a te r b in d in g  and ho ld ing  a b i l i t y ,
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e m ls i f y in g  a b i l i t y ,  and w h ip p a b il i ty . A lthough the  d en a tu red  p ro te in  
c o n c e n tra te  could  be In c o rp o ra te d  as i n e r t  m a te r ia l  in to  b re a d s , 
cook ies  and p a s ta s ,  th e y  canno t be used  in  b e v e ra g es , so u p s, and semj • 
s o l id  fo rm u la tio n s , as d e s ire d  by  th e  food in d u s t r y .  In  the  l a s t  few 
y e a r s ,  s e v e ra l  re se a rc h  e f f o r t s  focused  on d ev e lo p in g  com m ercially  
f e a s ib le  methods fo r  p roducing  fu n c t io n a l  p ro te in  c o n c e n tra te  from 
m arine a n im a ls . The F is h e r ie s  P roducts T echno log ica l L ab o ra to ry  o f 
th e  N a tio n a l N arine F is h e r ie s  S e rv ice  (NMFS) a t  C ollege Park , Mary­
la n d , has developed a  b ro ad -b ased  program designed  to  e v a lu a te  s e v e ra l  
ap p ro ach es , in c lu d in g  in v e s t ig a t io n s  in to  th e  d i r e c t  use o f m icroo rga­
nism s in  th e  b io lo g ic a l  tre a tm e n t and p re s e rv a t io n  o f f i s h  (B urkholder 
e t  a l . ,  19 6 8 ), methods fo r  s o lu b i l i z a t io n  o f s o lv e n t- e x t r a c te d  FPC 
th rough  a lk a l in e  o r enzymic m o d if ic a tio n s  (Tannenbaum e t  a l . ,  1970a, b ; 
Chef t e l  e t  a l . ,  1971), and d i r e c t  enzymic h y d ro ly s is  o f comminuted 
f i s h  u s in g  com m ercia lly  a v a i la b le  p r o te o ly t ic  enzymes (H ale , 1969, 
1972). A combined b io lo g ic a l  and s o lv e n t t re a tm e n t,  in  which enzymic 
h y d ro ly sa te s  a re  p u r i f i e d  w ith  iso p ro p a n o l, has been ex p lo red  a t  th e  
NMFS's P a c if ic  F is h e r ie s  P ro d u c ts  C e n te r , S e a t t l e ,  W ashington ( S p in e l l i  
e t  a l . ,  1972a, b ) .  R e c e n tly , an o th e r approach  to  p re p a rin g  fu n c t io n a l  
p r o te in  c o n c e n tra te  has been in v e s t ig a te d  a t  Texas A & M U n iv e rs ity  
( M a t t i l ,  1971) Mainke e t  a l . ,  1972), and by Hermansson e t  a l .  (1971). 
However, none o f  th e se  e f f o r t s  have advanced beyond an ex p e rim en ta l or 
a  sm a ll p i l o t  p la n t  s ta g e .
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METHODS FCR PRODUCING MARINE ANIMAL PROTEIN CONCENTRATE
Methods f o r  p roducing  m arine an im al p ro te in  c o n c e n tra te  may be 
d iv id ed  in t o  th re e  m ajor c a te g o r ie s :  (1 ) so lv e n t e x t r a c t i o n ,  (2)
enzymic m ethods, and (3) o th e r s .  Of th e s e ,  o n ly  th e  s o lv e n t  e x t r a c t i o n  
approaches have been proven f e a s ib le  f o r  la r g e - s c a le  commercial o p e ra ­
t io n .
S o lv e n t-e x tr a c t io n  methods e lim in a te  w a te r  and l i p id s  from f i s h  
t i s s u e  v ia  s o lv e n t  a c t io n ,  le a d in g  to  a p ro d u c t which i s  b land  in  
t a s t e ,  p r a c t i c a l l y  o d o r le s s ,  n u t r i t i o u s ,  and o r g a n o le p t ic a l ly  s ta b l e .  
However, t h i s  p ro d u c t i s  w a te r  in s o lu b le ,  and g e n e ra lly  la c k in g  o th e r  
fu n c tio n a l  p r o p e r t i e s .  In  enz/m ic m ethods, f i s h  i s  d ig e s te d  in to  
p ro te in  h y d rb ly sa te s  th ro u g h  th e  in t ro d u c t io n  o f v ia b le  p r o te o ly t ic  
m icroorganism s (fe rm e n ta tio n )  o r  o f  i s o l a t e d  enzymes. The r e s u l t in g  
p roducts  a re  c h a ra c te r iz e d  by f u n c t io n a l  p r o p e r t i e s ,  b u t t h e i r  a p p l i ­
c a t io n s  as  food a d d i t iv e s  s u f f e r  from u n d e s ira b le  o rg a n o le p tic  c h a ra c ­
t e r i s t i c s ,  p a r t i c u l a r l y  in  f i s h y  a n d /o r  b i t t e r  t a s t e s .  O ther methods 
grouped in  th e  t h i r d  c a te g o ry  r e p re s e n t  e x p lo ra to ry  e f f o r t s  o f r e c e n t  
o r ig in  devoted  t o  p re p a ra tio n  o f f u n c t io n a l  p ro te in  i s o l a t e s  w ith  unim­
p a ire d  o rg a n o le p tic  p r o p e r t ie s .  Some o f  th e se  approaches a re  m o d ific a ­
t io n s  or com binations o f  th e  s o lv e n t- e x t r a c t io n  and enzymic p ro c e sse s ; 
o th e rs  in v o lv e  a new method u s in g  i s o e l e c t r i c  p r e c ip i ta t io n  f o r  p ro te in  
i s o l a t i o n  and l i p i d  rem oval w ith o u t o rg an ic  s o lv e n t .  S t i l l  o th e r  
methods which f a l l  i n  n e i th e r  o f  th e se  c a te g o r ie s  have been known ( s e e ,  
f o r  in s ta n c e ,  Khobl, 1967). However, th e se  l a t t e r  a re  n o t p e r t in e n t  
to  th e  p re se n t re se a rc h  and w i l l  n o t  be d isc u s se d  f u r th e r .
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Most s o lv e n t- e x t r a c t io n  methods in v o lv e  s im ultaneous d eh ydra tion  
and d e f a t t in g  o p e ra t io n s .  The VioBin p ro cess  u ses  a tw o -so lv e n t  system  
(L ev in , 1959; Knobl e t  a l . ,  19 7 1 ). S im ultaneous d eh y d ra tio n  and p a r t i a l  
d e f a t t in g  i s  accom plished by a  p re lim in a ry  e x tr a c t io n  o f  ground whole 
f i s h  w ith  e th y le n e  d ic h lo r id e ,  p r io r  to  d e f a t t in g  w ith  i so p ro p a n o l- 
w a te r  a z e o tro p e . In  the BCF p ro c e s s , ground whole f i s h  i s  su b je c te d  
t o  s im u ltan eo u s d eh y d ra tio n  and d e f a t t in g  through a t h r e e - s t a g e  c o u n te r ­
c u r re n t  b a tc h  e x t r a c t io n  w ith  iso p ro p an o l (Bureau of Commercial F ish e ­
r i e s ,  1966). The H a lifax  (Canada) p ro ce ss  i s  e s s e n t i a l l y  s im i l  i r  t i ­
th e  BCF p ro c e s s ,  ex cep t t h a t  th e  iso p ro p a n o l c o n te n t in  the e x t r a c t a n t  
i s  v a r ie d  betw een 70 to  99% depending upon th e  sp e c ie s  of f i s h  used as 
th e  raw m a te r ia l  (Power, 1962, 196U).
M o d ific a tio n s  o f  s o lv e n t  e x t r a c t io n  methods have been in tro d u ce d  
t o  e f f e c t  an e f f i c i e n t  com m ercial a p p l ic a t io n .  The G eneral Foods 
p ro cess  (Moshy, 1965} Whaley e t  a l . ,  1965, 19t»6) s u b je c ts  a  comminuted 
f i s h  s lu r r y  to  p re lim in a ry  p r o te in  p r e c ip i ta t i o n  a t  i t s  i s o e l e c t r i c  
p o in t  b e fo re  e x t r a c t io n  w ith  iso p ro p a n o l. In  the  Emil Vogel method 
(K nobl, 19 6 7 ), th e  raw , comminuted f i s h  i s  s u i t a b ly  c o n d itio n e d  by the  
a d d i t io n  o f  a c id  o r a l k a l i  t o  en su re  optimum e x tr a c t io n  o f l i p id s  and 
o d o r-b e a rin g  components w ith  e th a n o l .  P ro cesses  developed by Lever 
B ro th e rs  Company (G a ll iv e r  e t  a l . ,  1957) and by f is h in g  In d u s try  R esearch 
I n s t i t u t e  o f  South  A fric a  (D re o s ti  e t  a l . ,  19t>l) a ls o  use e th a n a l  as 
s o lv e n t .  The Verrando and B ruera p ro c e s s e s , bo th  of P e ru , accom plish  
l i p i d  e x t r a c t io n  by p ass in g  o rg an ic  s o lv e n t vapors such as hexane 
th rough  f i s h  m eal (K hobl, 1967).
1 .  S o lv en t E x tra c t io n  Methods
Review o f te c h n ic a l  and p a te n t  l i t e r a t u r e s  co n ta in ed  in  '•Compre­
h en s iv e  B ib lio g rap h y "  (L ib ra ry  o f  C ongress, 1970) re v e a ls  v a rio u s  
s o lv e n ts  used f o r  p r o te in  e x t r a c t io n  from anim al t i s s u e s ,  rang ing  
from n o n -p o la r  ty p e s ,  i . e . ,  hexane, to  v e ry  p o la r  ty p e s , i . e . ,  m ethy l- 
a lc o h o l ,  and from d ic h lo r in a te d  hydrocarbons to  ketones and e s t e r s .  
E x tra c t io n  w ith  n o n -p o la r  s o lv e n ts  such as hexane alone does no t u s u a lly  
remove s u f f i c i e n t  p h o sp h o lip id s  to  p rev en t o rg a n o le p tic  d e te r io r a t io n  
d u rin g  s to ra g e  ( P a r i s e r  e t  a l . ,  1963). E x tra c t io n  w ith  iso p ro p an o l or 
s o lv e n ts  o f  s im i la r  p r o p e r t ie s  i s  re q u ire d  fo r  s a t i s f a c t o r y  d eo d o riz a -  
t io n  f o r  m ost f i s h  t i s s u e s .  O ther advantages o f iso p ro p an o l in c lu d e  
i t s  usage in  th e  food p ro c e ss in g  in d u s t r y ,  lew to x i c i t y ,  low p r ic e  and 
low b o i l in g  p o in t  (Bureau o f  Commercial F i s h e r i e s ,  1966). Every 
com m ercial o r  p roposed  com m ercial p ro ced u re  u t i l i z e s  iso p ro p a n o l some­
where i n  th e  p ro cess  (Knobl e t  a l . ,  1971).
The b a s ic  approach  t o  o b ta in in g  a p r o te in  i s o l a t e  from m arine 
anim al t i s s u e s  u s in g  s o lv e n t - e x t r a c t io n  methods in v o lv e s  fo u r  e s s e n t i a l  
s te p s  o f  o p e ra t io n :  (1 ) raw m a te r ia l  p re tre a tm e n t,  (2 ) d eh y d ra tio n ,
(3 ) d e f a t t in g  and d e o d o r iz in g , and (L) d e so lv e n iz in g  and m il l in g .  Of 
th e s e ,  e s s e n t i a l  d i s t i n c t io n s  between v a r io u s  s o lv e n t- e x t r a c t io n  p ro ­
c e s se s  a r i s e  from d eh y d ra tio n  and d e f a t t in g  p ro ced u res .
In  th e  p re tre a tm e n t o p e ra t io n , a  deboning p ro cess  i s  g e n e ra lly  
in c lu d e d  to  en su re  th a t  th e  f i n a l  p ro d u ct meet th e  maximum 100 ppm 
f lu o r id e  l e v e l  re q u ire d  by FDA (F e d e ra l R e g is te r ,  1967). Cooking is  
sometimes a n e c e ssa ry  s te p  to  remove n o n -p ro te in  n itro g e n  compounds 
in c lu d in g  u re a  from c e r ta in  s p e c ie s ,  such as s k a te ,  sh a rk , r ib b o n ,
e t c . ,  which a re  re sp o n s ib le  f o r  u n d e s ira b le  f la v o r  i n  FPC (M oorjani 
e t  a l . ,  1970). A ccording t o  Law ler (1 ?7 0 ), an e x te n s iv e  p re tre a tm e n t 
o f  th e  raw m a te r ia l  may reduce th e  y ie ld  by removing some o f th e  w ate r 
so lu b le  p r o te in ,  a lth o u g h  i t  w i l l  r e s u l t  in  h ig h e r  p ro te in  c o n c e n tra ­
t io n  in  th e  p ro d u c t.
D ehydration  i s  n e c e ssa ry  to  e lim in a te  o x id a tio n  o f th e  m a te r ia l 
and to  p ro v id e  a  te x tu r e  s u i ta b le  f o r  subsequen t s o lv e n t e x t r a c t io n .
This o p e ra tio n  may be accom plished th ro u g h  e i t h e r  co n v en tio n a l in d i r e c t  
steam  h e a tin g , vacuum d ry in g , o r  a z e o tro p ic  d i s t i l l a t i o n  as p a rt o r a 
combined d eh y d ra tio n  and d e f a t t in g  c y c le .  S o lv e n t e x t r a c t io n  rem oves 
l i p i d s  as w e ll  as l i p i d - r e l a t e d  and o d o r-b ea rin g  c o n s t i tu e n t s ,  such as 
am ines, from th e  i n i t i a l  m a te r ia l .  Complete d e o d a r iz a tio n  i s  p robably  
n ev er accom plished (L ev in , 1959). Medwadowski e t  a l .  (1967) r e p o r t  
t h a t  even a f t e r  p ro longed e x t r a c t io n  w ith  s o lv e n ts ,  sm all amounts o f 
l i p i d s  rem ained te n a c io u s ly  a s s o c ia te d  w ith  th e  p ro d u c t. P.oubal (1971 )  
proposed t h a t  even sm a ll q u a n t i t i e s  o f  l i p i d  a re  s u f f i c i e n t  to  cause  
a l t e r a t io n s  i n  p ro te in s  by f r e e  r a d ic a l  r e a c t io n s .
In  th e  Q u in te ro  p ro c e s s , desig n ed  and i n s t a l l e d  by the  Swiss firm , 
Dabsch and Company (A lle n , 19 6 3 ), f i s h  meal i s  f i r s t  produced by p ass in g  
chopped whole f i s h  th ro u g h  a  s team -heated  d e h y d ra to rj t h i s  m a te r ia l  i s  
th en  d e f a t te d  w ith  iso p ro p a n o l-w a te r  azeo tro p e  in  a con tinuous c o u n te r -  
c u r re n t  p ro ced u re . In  the A s tra  p ro c e ss , i . e . ,  an a q u eo u s-so lv e n t p ro ­
c e s s ,  segm ented, e v is c e ra te d  and deboned f is h  i s  p a r t i a l l y  dehydrated  
by cooking i n t o  a w et p re s s  c a k e , p r io r  to  e n te r in g  m u lt i - s ta g e  dehy­
d r a t io n  and d e f a t t in g  c y c le s  u s in g  iso p ro p an o l as so lv e n t (L aw ler,
1970} Knobl, 1967J Khobl e t  a l . ,  1971).
2 . Enzymic Methods
Development o f  enzymic methods fo r  p re p a ra tio n  o f m arine anunal 
p ro te in  c o n c e n tra te  has been pursued because (1) th e  f in a l  product may 
have s p e c ia l  p r o p e r t i e s ,  such as s o l u b i l i t y ,  which make i t  more s u i ­
ta b le  th a n  8 o lv e n t-e x tr a c te d  p r o te in  c o n c e n tra te  f o r  c e r ta in  a p p l ic a ­
t i o n s ,  (2) an a c c e p ta b le  m arine anim al p ro te in  c o n c e n tra te  may be p ro ­
duced more eheai&y th an  by s o lv e n t e x t r a c t io n  p ro c e s s e s , and (3) an 
enzymic method w ith  p ro p er c o n tro l  may be more s u i ta b le  fo r  sh ipboard  
or s m a ll- s c a le  v i l la g e  in d u s t r y  o p e ra tio n .
F ish  fe rm e n ta tio n  has been p ra c t ic e d  fo r  many c e n tu r ie s  as a mean': 
o f  m anufactu ring  f la v o r f u l  f i s h  condim ents. Such p ro d u c ts  as Nuocman 
(V ietnam ), Nam-pla (T h a ila n d ) , and Ik an o -S h io k ara  (sq u id  condim ent, 
Japan) a re  among th e  b e s t  known exam ples (FAO, 195U). F erm enta tion  
p ro cesse s  v a ry  l o c a l ly ,  b u t th e  more p o p u la r p ro cesses  invo lve  s a l t  
as a  p re s e rv a t iv e  and th e  f i s h  a re  l iq u e f ie d  by a u to ly s is  (Van Veen, 
1965). O ther fe rm en ta tio n  p ro c e sse s  may s t a r t  w ith  g u tte d  f i s h  and 
employ th e  p ro d u c tio n  o f  p ro to a s e s ,  a c id s  and a lc o h o l by growing 
b a c t e r i a l  o r  y e a s t  c u l tu re s  (B e r tu llo  e t  a l . ,  1961; Van Veen e t  a l . ,  
1970). B urkholder e t  a l .  (196fl) in v e s t ig a te d  e f f e c t s  o f  a  number of 
b a c t e r i a l ,  y e a s t  and mold c u l tu r e s ,  s e le c te d  fo r  t h e i r  l i p o l y t i c  
a c t i v i t y ,  on fe rm e n ta tio n . The use o f ca rb o h y d ra te -fe rm en tin g  m icro­
o rgan ism s, employing su g ar or m olasses (Tada e t  a l . ,  1956) o r la c to se  
(Krishnaswamy e t  a l . ,  19 6 5 ), was a ls o  in v e s t ig a te d .
Although fe rm en ta tio n  g r e a t ly  im proves th e  keep ing  q u a l i ty  as w ell 
as o rg a n o le p tic  c h a r a c te r i s t i c s  o f f i s h ,  the n u t r i t i v e  value o f the 
p r o te in  i s  n o t improved in  th e  p ro d u c t. H ig h -q u a lity  p ro te in  concen­
t r a t e s  can  be p rep ared  th rough  th e  in tro d u c t io n  o f s p e c i f ic  i s o la te d  
enzymes, such  as pep sin  (McBride e t  a l . ,  1961; H asd en teu fe l, 1966), 
p apain  (Sen e t  a l . ,  1962; S r ip a th y  e t  a l . ,  1962), a S trep tcm yces 
p ro te a se  (O n ish i e t  a l . ,  1968), a dead c u l tu re  o f  l a c t i c  a c id  b a c te r ia  
( E h le r t ,  1962), p ep s in  and t r y p s in  (S aha, 19U0), among o th e r s .  In v e s ­
t ig a t io n s  by th e  N a tio n a l Marine F is h e r ie s  S e rv ic e  o f  v a r io u s  commer­
c i a l l y  a v a i la b le  p r o te o ly t ic  enzymes o f p l a n t ,  anim al and m ic ro b ia l 
so u rces  ( S p in e l l i  e t  a l . ,  1972a) showed th a t  the so lu b le  p roducts  
tended  to  be d e f ic ie n t  in  e i t h e r  try p to p h an  o r  h i s t id in e  depending 
on the  pH o f  h y d ro ly s is ;  however, advantages in  term s o f  fu n c tio n a l 
p r o p e r t ie s  and c o s ts  o f  m arine anim al p ro te in  c o n c e n tra te  p roducts  
apoeared  p o s s ib le .  A t r u l y  b land  p ro d u c t such as s o lv e n t-e x tr a c te d  
p r o te in  c o n c e n tra te  could  n o t be o b ta in ed  by any o f th e  enzymes 
em ployed. F u rtherm ore , th e  b io lo g ic a l ly  p repared  p roducts  g e n e ra lly  
e x h ib ite d  u n d e s ira b le  t a s t e  c h a r a c t e r i s t i c s ,  p a r t i c u la r l y  th e  b i t t e r  
f la v o r s  a t t r ib u te d  to  the  fo rm atio n  o f  p e p tid e s  (Sen e t  a l . ,  1962).
3 . O ther Methods
Approaches to  th e  m anufacture o f a s ta b le  fu n c tio n a l  animal p ro te in  
c o n c e n tra te  w ith  n u t r i t i v e  and o rg a n o le p tic  v a lu e s  can be d iv id ed  in to
(1 ) s o lu b i l i z a t io n  o f  s o lv e n t- e x tr a c te d  p r o te in  c o n c e n tra te ,  (2) l i p i d  
e x tr a c t io n  from p r o te in  h y d ro ly sa te E , and (3 ) i s o e l e c t r i c  p ro te in  i s o l a ­
t io n  and d e o d o r iz a tio n .
Procedures fo r  s o lu b i l i z a t io n  o f s o lv e n t- e x tr a c te d  m arine animal 
p ro te in  c o n c e n tra te  through h o t-a lk a l in e  and enzymic tre a tm e n t have 
been s tu d ie d  by s e v e ra l  in v e s t ig a to r s .  Tannenbaum e t  a l .  (1970a) sub -
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Je c te d  a  s o lv e n t- e x tr a c te d  p ro te in  c o n c e n tra te ,  p rep a red  through the 
BCF p ro c e s s ,  t o  a lk a l in e  h y d ro ly s is  u s in g  v a r io u s  c o n c e n tra tio n s  o f  
sodium h y d ro x id e , tem p era tu res  and re a c t io n  tim e . The p ro d u c t was 
reco v ered  as  an i s o e l e c t r i c  p r o te in .  The maximum y ie ld  o f  so lu b le  
p ro te in  c o n c e n tra te  was o b ta in ed  a t  h ig h  pH (1 2 .5 ) and a  tem p era tu re  
s l i g h t l y  below th e  b o i l in g  p o in t  (95°C ). De G root e t  a l .  (1969) 
exposed s e v e ra l  h ig h  p ro te in  p roducts  to  a l k a l i  a t  pH 1 2 .2 , and 
found th a t  th e  fo rm atio n  o f  th e  amino a c id  d e r iv a t iv e ,  ly s ln o a la n in ,  
caused  poor a b s o rp tio n . Hermansson e t  a l .  (1971) succeeded in  
s o lu b i l i z in g  more th an  70% o f  th e  A s tra  FPC (p ro te in  c o n te n t 97.2%) 
a t  pH 12 .U and a tem p era tu re  above 73°C.
P rocedures f o r  enzymic s o lu b i l i z a t io n  u s in g  s o lv e n t-e x tr a c te d  
m arine an im al p r o te in  c o n c e n tra te  as  s u b s t r a te  were in v e s t ig a te d  by 
C h e fte l e t  a l .  (1971) and Hermansson e t  a l .  (1971). The form er 
w orkers found p ep sin  and Pronase (a  m ix ture  o f p r o te o ly t ic  enzymes 
from S trep tcm yces g r i s e u s ) to  be p a r t i c u l a r l y  e f f e c t iv e  in  the  degree 
and r a t e  o f  s o lu b i l i z a t i o n  o f  f i s h  p r o te in  c o n c e n tr a te . P ro n ase , 
e s p e c ia l ly ,  was s u p e r io r  t o  p ep s in  o r the  p la n t  enzymes because o f  
i t s  broad s p e c i f i c i t y  o r  o f  a  r e l a t i v e ly  sm all degree  o f enzyme 
in h ib i t io n  by th e  p ro d u c t o f  h y d ro ly s is .  Maximum s o lu b i l i z a t io n  
e f f e c te d  by th e se  enzymes was 9$% i n  2U h o u rs . Hermansson e t  a l .  
used A lc a la se , p a n c re a t ic  t r y p s in  and b a c t e r i a l  p ro te in a se  to  s o lu ­
b i l i z e  th e  A s tra  FPC, and ach ieved  over 99% s o lu b i l i z a t io n  w ith  
t r y p s in  a t  an enzyme c o n c e n tra tio n  o f 0 .5  gram /100 m l.
P ro te in  h y d ro ly s a te s , which a re  f o r  th e  most p a r t  s o lu b le ,  can be 
d e f a t te d  w ith  s o lv e n t  t o  p rep a re  s t a b l e ,  fu n c tio n a l  p ro te in  c o n c e n tra te .
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T his procedure i s  in  d i r e c t  c o n t r a s t  to  th o se  j u s t  d e sc rib ed  in  which 
n o n -fu n c tio n a l s o lv e n t- e x tr a c te d  p ro te in  c o n c e n tra te s  a re  used as the  
s t a r t i n g  m a te r ia l .  S in ce  sarco p lasm ic  f i s h  p ro te in  i s  w a te r s o lu b le ,  
i t  i s  on ly  n e c e ssa ry  t o  s o lu b i l i z e  th e  m y o f ib r i l la r  p r o te in .  S p in e l l i  
e t  a l .  (1972b) su b m itted  m y o f ib r i l la r  p ro te in  to  p a r t i a l  enzymic hydro­
ly s i s  to  produce enzym ica lly -m o d ifled  m y o f ib r i l la r  p r o te in  (EMMP).
This m a te r ia l  was th en  p r e c ip i ta te d  a t  an i s o e l e c t r i c  p o in t  and com- 
p laxed  w ith  phosphate in  a sodium hexam etaphosphate s o lu t io n .  R esid u a l 
l i p i d s  were removed from th e  p ro te in -p h o sp h a te  complex w ith  a z e o tro p ir  
iso p ro p a n o l. The r e s u l t in g  p ro d u ct e x h ib ite d  a  g r e a te r  degree o f s o lu ­
b i l i t y  and em u ls ify in g  c a p a c ity  than  th e  o r ig in a l  m y o f ib r i l la r  p r o te in .  
However, th e  s o lv e n t e x t r a c t ! a n  caused  p a r t i a l  d e n a tu ra tio n  o f  p r o te in ,  
and a  d i f f i c u l t y  a ro se  in  removing r e s id u a l  iso p ro p a n o l w ith o u t im p a ir­
ing fu n c tio n a l  p r o p e r t ie s  o f th e  p ro d u c t. S o lv e n t e x t r a c t io n  improved 
s t a b i l i t y  o f  t h i s  p ro d u c t, so  th a t  th e  em u ls ify in g  c a p a c ity  d ecreased  
by o n ly  1$% i n  two months a t  room te m p e ra tu re , as compared w ith  as much 
as 60£ d e c rease  in  em u ls ify in g  c a p a c i ty  f o r  EMMP which was n o t t r e a te d  
w ith  s o lv e n t .
A method capab le  o f (1 ) i s o la t in g  th e  m arine anim al p r o te in  and
(2) p ro ce ss in g  th e  i s o l a t e  in to  a  s ta b le  f i n a l  form w ith o u t e i t h e r  
d e n a tu ra tio n  o r ra c e m isa tio n  o f th e  n a t iv e  p ro te in  i s  y e t  to  be deve­
lo p e d . As a  p o s s ib le  approach to  such a  m ethod, s e v e ra l  experim ents 
on i s o e l e c t r i c  p r e c ip i ta t io n  o f m arine anim al p r o te in  have been c a r r ie d  
ou t (Dyer e t  a l . ,  1950; M a t t i l ,  1971; Meinke e t  a l . ,  1972). The method 
o f  i s o e l e c t r i c  p r e c ip i t a t io n  has been p re v io u s ly  a p p lie d  to  e x tr a c t io n  
o f soybean , c o tto n see d  and peanut p ro te in s  by C irc le  (1950), F on ta ine
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e t  a l .  (19U5) and B erard i e t  a l .  (1967). S tu d ie s  u s in g  cod , h a l ib u t ,  
golden c ro a k e r , m u lle t ,  c a rp  and hake showed th a t  thn product, y l f j . i  o: 
th e  o rd e r  o f SQfjL could  be ach ieved  thrc«f;h e x t r a c t io n  in  a sodium hydro­
x id e  s o lu t io n  a t  pH 8 -  11 and an HC1 s o lu t io n  a t  pH 2 -  U, fo llow ed 
by i s o e l e c t r i c  p r e c ip i ta t io n  a t  pH 5 -  7 . S o lu b i l i ty  p r o f i l e s  v a r ie d  
w ith  s p e c ie s  o f  f i s h  and a ls o  were a f f e c te d  by th e  p r e - f re e z in g  of the 
m a te r ia l ,  s a l t  c o n te n t and tem p era tu re  o f th e  s o lu t io n ,  and r a t i o  of 
f i s h  to  e x t r a c t in g  medium (Meinke e t  a l . ,  1972). The i s o e l e c t r i c  p ro ­
t e i n  was w a te r s o lu b le  and appeared  to  r e t a i n  much of th e  q u a l i t i e s  o f 
th e  n a t iv e  p r o te in .  However, a  p rocedure to  p ro cess  t h i s  m a te r ia l  in to  
a  s ta b le  p ro d u c t having  d e s ir a b le  o rg a n o le p tic  and fu n c tio n a l  p ro p e r t ie s  
rem ains f o r  f u tu re  in v e s t ig a t io n s .
PROPERTIES OF MARINE ANIMAL PROTEIN CONCENTRATES
1 . Chemical P ro p e r tie s
The FAO I n te r n a t io n a l  C onference on the  F ish  in  N u t r i t io n ,  h e ld  in  
W ashington, D .C ., in  1961, proposed s ta n d a rd s  f o r  d e s ir a b le  chem ical 
p ro p e r t ie s  i n  f i s h  p ro te in  c o n c e n tra te  (A nn., 1962). In  19t/7, th e  Food 
and Drug A d m in is tra tio n  issu e d  somewhat more r ig o ro u s  s ta n d a rd s  in  which 
th e  minimum p r o te in  c o n te n t was r a is e d  to  7555 (from  67.5/5 FAO), maximum 
l i p i d  c o n te n t was low ered t o  0 .$% (from 0.75/5 FAO), and a  p ro v is io n  was 
added to  s e t  a maximum f lu o r id e  c o n te n t a t  100 ppm (F ed e ra l R e g is te r ,  
1967). These s ta n d a rd s  a re  l i s t e d  in  Appendix T able U. Proxim ate ana­
l y s i s  d a ta  from f iv e  known s o lv e n t- e x tr a c te d  FPC’s and an enzym ically  
p rep a red  FPC (NMFS p ro c e ss )  a re  l i s t e d  in  Appendix Table 5.
Most o f th e  f i s h  p ro te in  c o n c e n tra te  p ro d u c ts  l i s t e d  in  Appendix
Table 5 conform w ith  th e  FAO and FDA s ta n d a rd s . E x tensive  p re trea tm en t 
o f  th e  raw m a te r ia l ,  as in  th e  A s tra  FPC (L aw ler, 1970), tends to  r a is e  
th e  p r o te in  c o n te n t by a  c o n s id e ra b le  m argin (ab o u t 10£) o v er th e  r e s t  
o f  th e  p ro d u c ts . L ip id  c o n te n ts  a re  somewhat h ig h e r  in  tn e  p roducts  
u s in g  whole f i s h  (Q u in te ro  and BCF p ro d u c ts )  and the  p ro d u c ts  r e s u l t in g  
from enzymic h y d ro ly s is  th a n  th e  p ro d u c ts  u s in g  th e  p re tre a te d  e v is c e ­
r a te d  f i s h  (A s tra  p ro d u c t)  o r  f i s h  f i l l e t s  (H a lifax  p ro d u c t) .  T h is 
tr e n d  i s  a l s o  reco g n ized  by comparing th e  l i p i d  c o n te n ts  in  the H a li­
fax  p ro d u c ts  u s in g  cod f i l l e t s  and whole cod . However, th e  BCF p ro d u c t, 
which c o n ta in s  th e  l a r g e s t  amount o f l i p i d s  o f  a l l  th e  p roducts  com­
p ared  i n  Appendix Table 5 ,  was re p o rte d  to  have rem ained e s s e n t i a l l y  
s ta b le  a f t e r  s to ra g e  f o r  th re e  months a t  room tem p era tu re  (Bureau o f 
C o im erc la l F i s h e r i e s ,  1966). Complete rem oval o f l i p i d s  adds to  the  
c o s t  and may remove sorb  o f th e  v itam in  v a lu e s  o f th e  raw m a te r ia l  
(L ev in , 1959). In  p r in c ip l e ,  th e  FDA s ta n d a rd  o f Q.$% l i p id  co n te n t 
appears  to  be s u f f i c i e n t  (1 ) to  p re v e n t f la v o r  r e v e r s a l  and ( 2 ) deodo­
r iz e  th e  p ro d u c t to  th e  p o in t  where ap p ro x im ate ly  1 0 i  of p ro te in  concen­
t r a t e  w i l l  n o t be d e te c ta b le  when added to  any food (S id w e ll, 1967).
Appendix Table 6 compares amino a c id  p a t te r n s  o f F^C 's p repared  
by BCF and A s tra  s o lv e n t- e x tr a c t io n  p ro c e s s e s , NMFS enzymic p ro c e ss , 
and o f th e  I s o e l e c t r i c  p ro te in  (Meinke e t  a l . ,  1972). S ince the p ro te in  
com position  in  f i s h  v a r ie s  w ith  s p e c ie s ,  an in t e r e s t in g  com parison can 
be made between s o lv e n t- e x tr a c te d  FPC (column U) and i s o e l e c t r i c  p ro te in  
(column 5 ) ,  b o th  u sin g  go lden  c ro a k e r  as th e  raw m a te r ia l .  I t  i s  noted 
th a t  th e  p o te n t i a l  n u t r i t i v e  value o f  th e  i s o e l e c t r i c  p ro te in  exceeds 
t h a t  o f  th e  s o lv e n t- e x tr a c te d  p ro te in  c o n c e n tra te .  The r a t i o  o f  tne
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e s s e n t i a l  amino a c id s  (e x c lu s iv e  o f  try p to p h an ) to  n o n -e s s e n tia l  amino 
a c id s  i s  h ig h e r  in  th e  i s o e l e c t r i c  p ro te in  th an  in  the s o lv e n t- e x tr a c te d  
p ro te in  c o n c e n tra te s  o r  i n  th e  f i s h  used in  the p re p a ra tio n  o f  th e  i s o ­
l a t e s .
2 . O rg an o lep tic  P ro p e r tie s
The FAO s ta n d a rd s  s t a t e  t h a t  FPC should  e x h ib i t  no s ig n i f i c a n t  
d e te r io r a t io n  as judged by th e  developm ent o f  o f f - f l a v o r s  or by th e  
lo s s  o f p r o te in  q u a l i ty  a f t e r  s ix  m onths' s to ra g e  in  h e rm e tic a lly  
s e a le d  c o n ta in e rs  a t  26.7°C (A nn., 1962). The FDA s ta n d a rd s  fu r th e r  
s t i p u l a t e  t h a t  FPC s h a l l  have no more th an  a f a i n t  f i s h  odor and t a s t e  
(F e d e ra l R e g is te r ,  1967). A wide v a r i e ty  o f FPC having p r a c t i c a l l y  no 
odor o r  t a s t e  have been p rep ared  through s o lv e n t  e x t r a c t io n  p ro cesses  
u s in g  b o th  le a n  and f a t t y  sp e c ie s  o f f i s h  (Levin  e t  a l . ,  1955; Bureau 
of Commercial F i s h e r i e s ,  1966; Power, 1961; L aw ler, 1970; L a h iry  e t  a l . ,  
1962; M oorjani e t  a l . ,  1968; S id w e ll e t  a l . ,  1970; Khobl e t  a l . ,  1971). 
However, FPC*a p re p a red  th rough  enzymic h y d ro ly s is  r e ta in e d  a d is a g re e ­
ab le  odor and la rg e  amounts o f p e p tid e s  (O nis h i e t  a l . ,  1968). A lk a lin e  
m o d if ic a tio n  o f s o lv e n t- e x tr a c te d  FPC r e s u l t s  in  a p ro d u c t w ith  r e l a ­
t i v e l y  low o ffe n s iv e  f la v o r .  However, when used in  a p ro te in  beverage 
fo rm u la , t h i s  p ro d u c t e x h ib i te d  u n d e s ira b le  o f f - f la v o r s  (Tannenbaun e t  
a l . ,  1972b). The en zy m ica lly  m odified  m y o f ib r i l la r  p ro te in  s u f fe re d  
from f la v o r  r e v e rs io n  a f t e r  two months o f s to ra g e  ( S p in e l l i  e t  a l . ,  
1972b).
S in ce  foods have flav o r-m ask in g  c a p a b i l i ty ,  d e te c ta b le  l e v e ls  of 
FPC as  a  food a d d it iv e  v a r ie s  w ith  th e  p a r t i c u la r  food . The Q uin tero  
FPC's d e te c ta b le  l e v e l  f o r  f is h y  f la v o r  was re p o rte d  to  be 6% in  b re a d ,
up t o  6% in  p a s ta s ,  12% in  c r a c k e r s ,  10% in  su g ar c o o k ie s , and 10 
o f  t o t a l  s o l id s  i n  pea soups (S ld w ell e t  a l . ,  1970). Tannenbaun e t  a l . 
(1972b) re p o rte d  t h a t  FPC which had been s o lu b i l iz e d  by an a lk a lin e  
tre a tm e n t cou ld  be used  i n  c o n c e n tra tio n s  as h ig h  as UO.i in  a soy l i t e r  
b in d e r ,  w ith  no o ffe n s iv e  f la v o r  o r  a f t e r - t a s t e .  However, when t h i s  
p roduct was used  in  a  m ilk  s u b s t i t u t e ,  th e  r e s u l t in g  p re p a ra tio n s  e x h i­
b i te d  d i s t i n c t  a f t e r - t a s t e  and amine o d o r, which cou ld  n o t be masked by 
o th e r  f la v o r  in g re d ie n ts .
F is h  m uscle c o n ta in s  h ig h ly  u n s a tu ra te d  l i p i d s ,  p h o sp h o lip id s  and 
c o n s id e ra b le  amounts o f  n itro g en o u s  components rang ing  from p e p tid e s ,  
amino a d d s ,  f r e e  am ines, b e ta in e s ,  trim eth y lam in e  oxide and u rea  
(C o n n ell, 196U). Of th e s e ,  t r i n e  thylam ine i s  known to  be a s so c ia te d  
w ith  f is h y  odor (O bata e t  a l . ,  19U9, 1951), and n ep tid es  w ith  b i t t e r  
t a s t e s  such  as th o se  ty p ic a l  o f  enzym ally -p re  p ared  r’PC (H ale , 1972). 
R esid u a l l i p i d s  in  FPC c o n tr ib u te  to  f la v o r  r e v e r s a l  th rough o x id a tio n , 
p a r t i c u l a r l y  po lyeno ic  f a t t y  a c id s  (Medwadowski e t  a l . ,  1967).
S p in e l l i  e t  a l .  ( l?7 2 b ) p o s tu la te  th a t  f a c to r s  c o n tr ib u tin g  to  
o rg a n o le p tic  s t a b i l i t y  of f i s h  p r o te in  i s o l a t e s  re s id e  la r g e ly  w ith  t;ie 
sa rco p lasm ic  p r o te in .  The f re e z e -d r ie d  sa rco p lasm ic  p r o te in  had a 
s l i g h t  r a n c id  odor and t a s t e  a f t e r  e x t r a c t io n  w ith  iso p ro p a n o l, becom­
ing more in te n s e  du rin g  s to ra g e  a t  room te m p e ra tu re . I t  appeared th a t  
th e  sa rco p lasm ic  f r a c t io n  co n ta in e d  p ro a x id a n t m a te r ia ls  such as hemo­
g lo b in  and c a ta ly s e .  A lthough th e  sa rco p lasm ic  f r a c t io n  a c tu a l ly  con­
ta in e d  l a s s  r e s id u a l  p h o sp h o lip id s  th a n  th e  m y o f ib r i l la r  f r a c t i o n ,  
iso p ro p an o l could n o t remove th e se  o d o r-b ea rin g  su b stan ces  from the 
sarco p lasm ic  f r a c t io n ,  a lth o u g h  i t  could from the m y o f ib r i l la r  f r a c t io n .
These in v e s t ig a to r s  r e p o r t  t h a t  the  f r e e z e -d r ie d  m y o f ib r i l la r  p r o te in  
was o rg a n o le p t ic a l ly  more s ta b le  th an  the  f re e z e -d r ie d  sarcoplasmic: 
p r o te in .  However, th e  form er developed a  ra n c id  or f is h y  f la v o r  due to 
a l t e r a t i o n  o f r e s id u a l  l i p i d s  a f t e r  7 -  l l i  days oi s to ra g e  a t  rjom tem­
p e r a tu re .  Tannenbaum e t  a l .  (1972a) re p o r te d  th a t  tlie amine odor a s so ­
c ia te d  w ith  the a lk a l in e - s o lu b i l iz e d  FPC was removed by mixing w ith  
a c t iv a te d  c h a rc o a l.
The o rg a n o le p tic  c h a r a c t e r i s t i c s  o f FPC m ust be ex p ec ted  to  vary  
w ith  th e  sp e c ie s  o f f is h  used as the  raw m a te r ia l .  An extrem e axample 
i s  a  f i s h  m eal p rep ared  by sim ple methods in  A ccra, Ghana, v h icn  con­
t a in s  8 -  10j{ f a t  (A u tre t ,  19 6 7 ). This p ro d u c t was found to  be w ell 
p re se rv ed  and d id  n o t become ra n c id  f o r  two y e a r s .  T his was a t t r ib u te d  
to  th e  h ig h  to c o p h e ro l c o n te n t in  the f i s h  caugh t in  the  G ulf o f B enin.
3 . F u n c tio n a l P ro p e r tie s
The range o f  a t t r a c t i v e  fu n c tio n a l  p ro p e r t ie s  d e s ir e d  in  tne marine 
anim al p r o te in  c o n c e n tra te  i s  b ro ad . For in s ta n c e ,  two d e s ir a b le  func­
t i o n a l  p ro p e r t ie s  f o r  a p p l ic a t io n  to  beverage a re  s o l u b i l i t y  and s u i t ­
ab le  v i s c o s i ty  (Donoso e t  a l . ,  1963j Holman, 1959 j Kwee e t  a l . ,  1969). 
D es irab le  q u a l i t i e s  f o r  a p p l ic a t io n  to  v a rio u s  meat fo rm u la tio n s  in c lu d e  
w a te r -b in d in g , em u lsify in g  p ro p e r t ie s  and the  a b i l i t y  to  be fo rned  in to  
f i b e r s .  Such p ro p e r t ie s  as g e l  fo rm a tio n , w h ip p a b il i ty ,  adhesiveness 
and th ic k e n in g  may a ls o  be co n s id e red  b e n e f ic ia l  f o r  o th e r  pu rposes.
Same o f th e se  p ro p e r t ie s  a re  r e la te d  to  each  o th e r .  For in s ta n c e ,  a 
d ec rease  i n  em u ls ify in g  c a p a c ity  d u ring  s to ra g e  was found to  be c o r re ­
la te d  w ith  a  lo s s  o f s o lu b i l i t y  ( S p in e l l i  e t  a l . ,  1 9 72a). M att11 
(1971) su g g e s ts  t h a t  a lthough  g e n e ra l r e la t io n s h ip s  between v a rio u s
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fu n c t io n a l  p r o p e r t ie s  have n o t been e s ta b l i s h e d ,  s o lu b i l i t y  could  be 
used  t o  optimum advantages as a guide to  f u n c t io n a l i ty .
A ttem pts to  p re p a re  fu n c t io n a l  anim al p r o te in  c o n c e n tra te s  a re  
o f r e c e n t  o r ig in  and th e  s c a n t  d a ta  th a t  e x i s t  a re  l im ite d  to  la b o ra ­
to r y  r e s u l t s .  In  g e n e ra l ,  s o lv e n t- e x tr a c te d  m arine anim al p ro te in  
c o n c e n tra te s  have l i t t l e  o r  no fu n c tio n a l  p r o p e r t ie s .  For in s ta n c e , 
o n ly  abou t 3% o f  th e  A s tra  FPC i s  w a te r  s o lu b le ,  and t h i s  f r a c t io n  
c o n ta in s  a  h ig h e r  amount o f  g ly c in e  b u t low er amount o f e s s e n t i a l  
amino a c id s  th an  th e  in s o lu b le  f r a c t io n  (H a llg re n , 1966). On th e  o th e r  
hand, FPC’s p rep ared  th rough  enzymic h y d ro ly s is  have e x c e l le n t  fu n c­
t i o n a l  p r o p e r t i e s ,  a lth o u g h  th e se  advantages a re  o f f s e t  by the  d i s ­
a g reeab le  f la v o r  c h a r a c t e r i s t i c s  caused  by p ro te in  ra ce m iz a tio n  
(H a le , 1972).
F is h  p r o te in  g e n e ra l ly  c o n ta in s  10% m y o f ib r i l la r  f r a c t io n  and 
30% sa rco p la sm ic  f r a c t io n  (C o n n e ll, 196U; Dassaw e t  a l . ,  1970). In  
n a t iv e  form , m y o f ib r i l la r  p r o te in  i s  in s o lu b le  w h ile  sa rco p lasm ic  p ro ­
t e i n  i s  s o lu b le  in  a  n e u t r a l  s o lu t io n .  S p in e l l i  e t  a l .  (1972a) in v e s ­
t ig a te d  fu n c t io n a l  p ro p e r t ie s  o f  m y o f ib r i l la r  and sa rco p la sm ic  p ro te in s  
i s o la t e d  th ro u g h  a q u e o u s -sa lt  e x t r a c t io n .  A lthough the  sa rco p lasm ic  
p r o te in  was e s s e n t i a l l y  s o lu b le ,  f re e z e  d ry in g  d en a tu red  about 80% o f  
t h i s  p r o te in  w ith  r e s p e c t  to  w a te r  s o lu b i l i t y .  S im ila r  d e n a tu ra tio n  
a ls o  r e s u l te d  from p r e c ip i ta t io n  w ith  60% (20°C) Iso p ro p an o l fo llow ed 
by vacuum d ry in g  a t  60°C. D en a tu ra tio n  became alm ost com plete when 
th e  p r o te in  was p r e c ip i ta te d  w ith  h o t iso p ro p a n o l (70°C) and su b je c te d  
to  s im i la r  d ry in g  c o n d it io n s .
A ccording to  S p in e l l i  e t  a l .  (1 972a), m y o f ib r i l la r  p r o te in ,  in s o -
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lu b le  in  a n e u t r a l  medium, was a lm ost co m p le te ly  s o lu b le  a t  pH's above 
1 0 .0  and belcsr 3 .5 .  When f re e z e  d r ie d ,  s o l u b i l i t y  o f m y o f ib r i l l a r  p r o ­
t e i n  d ec reased  a t  pH 's below li, and th e  i s o e l e c t r i c  p o in t s h i f t e d  from 
5 to  U .5 . In  s a l t  s o lu t io n s ,  m y o f ib r i l la r  p r o te in  formed w a te r -p r o te in -  
l i p i d  em u lsio n s , e x h ib i t in g  a  s o l u b i l i t y  as h igh  as 70 to  QQ%. Dena­
tu r a t io n  caused  b y  f re e z e  d ry in g  reduced  t h i s  s o l u b i l i t y  to  as low as 
15 5. The re d u c tio n  in  s o l u b i l i t y  a s s o c ia te d  w ith  f re e z e  d ry in g  could  
be a l l e v ia t e d  by m ixing w ith  s u g a rs ,  so  t h a t  when th e  p ro te in  p roduc ts  
were d r ie d  in  a  m ix tu re  w ith  g lu co se  and su c ro se  th e  s o l u b i l i t y  h ig h e r  
th an  60% was e f f e c te d .  A s im i la r  p r o te c t iv e  fu n c tio n  of su g ars  a g a in s t  
d e n a tu ra t io n  o f  p r o te in s  u nder f re e z e  d ry in g  has a ls o  been re p o rte d  by- 
Love (1 9 6 2 ), T asu i e t  a l .  (1 9 o 6 ), and A rai e t  a l .  (1 9 7 0 ). In  g e n e ra l ,  
g lucose  was s l i g h t l y  more e f f e c t iv e  th an  s u c ro s e ,  and c o n s id e ra b ly  more 
e f f e c t iv e  th an  f ru c to s e .
P ro te c tio n  a g a in s t  f re e z in g  d e n a tu ra t io n  p ro v id ed  by ca rb o h y d ra tes  
was l o s t  w ith  tim e in  p ro p o rtio n  to  p ro g re ss iv e  o x id a tio n  o f l i p i d  r e s i ­
dues a s s o c ia te d  w ith  m y o f ib r i l la r  p r o te in  ( S p in e l l i  e t  a l . ,  l ? 7 2 a ) .  
S to rag e  fo r  s ix  weeks a t  room tem p era tu re  caused  a  lo s s  of 70 to  60% 
o f  th e  o r ig in a l  s o l u b i l i t y .  E x tra c t io n  o f l i p i d s  w ith  iso p ro p an o l  was 
n o t d e s ir a b le  because th e  tre a tm e n t im paired  fu n c t io n a l  p ro p e r t ie s  
th rough  p ro te in  d e n a tu ra t io n . For exam ple, f r e s h ly  p rep a red  f r e e z e -  
d r ie d  m y o f ib r i l la r  p ro te in  w i l l  e m u ls ify  ap p ro x im a te ly  185 gram o i l /  
gram p r o te in .  E x tra c t io n  a t  50°C reduced th e  e m u ls ify in g  c a p a c ity  of 
t h i s  p r o te in  by over 501, and a t  70°C a l l  e m u ls ify in g  c a p a c ity  was d e s ­
tro y e d . E x tra c t io n  a t  tem p era tu re s  l e s s  th an  50°C d id  n o t com ple te ly  
remove l i p i d s ,  e s p e c ia l ly  p h o sp h o lip id s . Enzymic m o d if ic a tio n  o f myo­
f i b r i l l a r  p ro te in  r a i s e d  th e  em u ls ify in g  c a p a c i ty  to  as much as 225
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gram o il /g ra m  p r o te in .  When t h i s  m a te r ia l  was e x tr a c te d  w ith  i s o p r  >- 
panol a t  50°C, 60°C and 70°C, the  em u ls ify in g  c a p a c ity  was reduced by 
13^, lh% and 17%, r e s p e c t iv e ly ,  hence c o n s id e ra b ly  l e s s  th a n  when Lsn- 
p ro p an o l e x t r a c t io n  was c a r r ie d  o u t on unm odified  m y o f ib r i l la r  p r o te in .
Noguchi e t  a l .  (1970) re p o r te d  t h a t  th e  p resence  o f a sm all amount 
o f sodium g lu tam ate  was e f f e c t iv e  in  p re v e n tin g  f re e z in g  d e n a tu ra t io n  
o f  f i s h  p r o te in s .  The c a rp  actom ysin  was s ta r e d  a t  -20°C f o r  one mcnth 
in  a  0 .6  H KC1 s o lu t io n ,  w ith  and w ith o u t sodium g lu ta m a te . The samnl° 
mixed w ith  0 .025  M sodium glutam ate e x h ib ite d  a  s o l u b i l i t y  of 2 .8  
mg/ml, w hereas th e  c o n tro l  sample w ith o u t sodium g lu tam ate  e x h ib ite d  
a  s o l u b i l i t y  as lew as  1 .5  mg/ml. A h ig h e r  c o n c e n tra tio n  of sodium 
g lu tam ate  im proved th e  p r o te in  s o l u b i l i t y  s l i g h t l y ,  and a maximum s o lu ­
b i l i t y  of abou t 3 .1  mg/ml was a t t a in e d  a t  a  c o n c e n tra tio n  o f  0 .3  M 
sodium g lu ta m a te .
When th e  s o lv e n t - e x t r a c te d  FPC was s o lu b i l iz e d  through h o t-  
a lk a l in e  o r  enzymic tre a tm e n t ,  s o l u b i l i t y  o f th e  m odified  m a te r ia l  
im proved m arkedly  i n  e i t h e r  c a s e .  A ccording to  Tannenbaum e t  a l .  
(1 9 7 2 a), s o l u b i l i t y  o f  s o lv e n t- e x t r a c te d  FPC (p rep ared  through tne 
BCF p ro ce ss )  f lu c tu a te d  between 20 and 30% fo r  a l l  ran g es  of pH, bu t 
ro se  to  as much as 60% when t r e a te d  w ith  h o t a l k a l i .  F u rth erm o re , the 
a lk a l in e - t r e a t e d  FPC formed a  h ig h  and s ta b le  foam and p o ssessed  good 
w a te r-b in d in g  or sw e llin g  a b i l i t i e s  (Hermansson e t  a l . ,  1971). How­
e v e r ,  th e  a lk a l in e  tre a tm e n t caused  e i t n e r  d i r e c t  ch em ical d e s tr u c t io n  
o f  th e  amino a c id  s id e  ch a in  o r ra c e m iza tio n  a t  th e  a-m ethy lene  carbon 
o f th e  amino a c id  r e s id u e s ,  so  th a t  th e  r e s u l t in g  m a te r ia l  e x h ib ite d  
poor o rg a n o le p tic  p r o p e r t i e s .
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A more pronounced improvement in  s o l u b i l i t y  was e f f e c te d  when 
s o lv e n t- e x t r a c te d  FPC was m od ified  through enz./m ic h y d r o ly s is .  C h e fte l  
e t  a l .  (1971) and Hale (1969) r e p o r t  s o l u b i l i t i e s  as h igh  as 90* on 
such m a te r ia ls .  Foaming p ro p e r ty  a ls o  im proved and was found t o  
approach t h a t  o f  egg w hite  (Hermansson e t  a l . , 1971). H owever, the 
foam was u n s ta b le  because th e  in so lu b le  f r a c t i o n  of p r o te in  which a c ts  
as a  foam s t a b i l i z e r  was a b s e n t.  A lso because of i t s  h ig h  s o l u b i l i t y ,  
th e  en zy m e-trea ted  FPC was l im i te d  by th e  w a te r-b in d in g  a b i l i t y .  Thus, 
s o lu b i l i z a t i o n  ach ieved  by enzyme tre a tm e n t on s o lv e n t - e x t r a c t e d  r 
gave n e i th e r  foam ing n o r w a te r -b in d in g  p r o p e r t i e s ,  hence a product 




Squid used  i n  th i s  s tu d y  belongs to  the sp e c ie s  I I I e x  i l l e c e bros u s , 
g e n e ra l ly  known as  arrow  s q u id . This sp e c ie s  i s  w idely  d i s t r ib u te d  
around th e  A tla n t ic  Ocean and the  G ulf o f  Mexico, and p o ssesses  
e x c e l le n t  food q u a l i ty  (7 o ss , 1971; L y le s , 1968).
Two hundred pounds o f sq u id  was o b ta in ed  in  frozen  b lock  fern 
from th e  N a tio n a l Marine F is h e r ie s  S e rv ic e  S o u th ea s t F i s h e r i e s  dentt-r , 
a t  P ascagou la , M is s is s ip p i ,  in  A ugust, 1971* A f te r  shipm ent to  the 
D epartm ent o f Food S c ie n c e , L o u is ian a  S ta te  U n iv e rs i ty ,  Baton Rouge, 
th e  squ id  sam ples were im m ediately  s o r te d  in to  s e p a ra te  b a tc h e s , each 
c o n ta in in g  10 random s iz e s  and anim als were k e p t i n  a f r e e z e r  a t  -20°C 
u n t i l  u sed .
PREPARATION OF SAMPLES
Frozen squ id  was p laced  in  a  1 : 2 r a t i o  o f  t i e  w ate r and s q u id , 
and s t i r r e d  c o n tin u o u s ly  f o r  30 min a t  50°C (T ak e i, 1918). This 
tre a tm e n t caused ra p tu re  o f  v is c e ra  and m ixing o f  v is c e r a  enzymes w ith in  
the s o lu t io n .  The s k in ,  d ig e s te d  by v is c e ra  enzymes, was detached  
from th e  m eat to  d is s o lv e  in  th e  s o lu t io n  du rin g  s t i r r i n g .  A fte r  d i s ­
c a rd in g  th e  l iq u id  f r a c t io n  o f th e  m ix tu re , th e  d esk in n ed , e v is c e ra te d  
sq u id  was washed th o ro u g h ly  in  w ate r and conm inuted in  a W aring B lendor 
f o r  one m inute to  produce a  squ id  s lu r r y .  This m a te r ia l  was used  
th ro u g h o u t t h i s  s tu d y  f o r  p re p a rin g  bo th  s o lv e n t- e x tr a c te d  p ro te in  
c o n c e n tra te  and i s o e l e c t r i c  p ro te in  i s o l a t e s .
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PREPARATION OF SOLVENT-EXTRACTED SQUID
PROTEIN CONCENTRATE
A s o lv e n t-e x tr a c te d  squid  p ro te in  c o n c e n tra te  was prepared  
th ro u ^ i a  tw o -so lv en t system  u s in g  a z e o tro p ic  iso p ro p an o l and 95* 
e th a n o l a t  an o v e ra l l  s o lv e n t to  sq u id  r a t i o  of 2 :1 . Four su c ce ss iv e  
s ta g e s  o f e x t r a c t io n  were perform ed u s in g  iso p ro p an o l in  the  f i r s t  
th re e  s ta g e s  and 95% e th a n o l in  th e  fo u r th  s ta g e .
In  th e  f i r s t  s ta g e  e x t r a c t io n ,  sq u id  s lu r r y  was mixed w ith  
a z e o tro p ic  iso p ro p an o l a t  room tem p era tu re  a t  a r a t i o  of s o lv e n t to  
sq u id  of 2 :1  by w e ig h t. A f te r  m echan ical a g i t a t io n  fo r  1 hou r, the 
s o l id  f r a c t io n  was s e p a ra te d  from the s o lv e n t- f a t-m o is tu re  f r a c t io n  
by vacuum fo rced  f i l t r a t i o n .  The e x tr a c t io n  p rocedures fo r  th e  second 
and th i r d  s ta g e s  were the same as those  o f  the f i r s t  s ta g e ,  ex cep t 
th a t  an e x t r a c t io n  tem p era tu re  o f  70°C was u sed . The fo u r th  stRge 
e x t r a c t io n  was perform ed u s in g  95* e th a n o l a t  60°C. The f in a l  s o l id s  
from the f o u r th  s ta g e  e x tr a c t io n  were d eso lv e n iz ed  in  a  vacuum oven 
a t  60°C fear 22 hours t o  o b ta in  a deodorized  squid  p ro te in  c o n c e n tra te .
ISOELECTRIC PROTEIN ISOLATION
1 . E f fe c ts  o f  pH on P ro te in  S o lu b i l i ty
A 10 gram sample o f  squ id  was ground in  a Waring HIondor f o r  one 
m inute and was s lu r r i e d  in  100 ml o f  aqueous e x tr a c t in g  medium. T o ta l 
volume o f  e x t r a c t in g  medium c o n s is te d  o f  the w ater con ta in ed  in  the  
s q u id ,  volume o f a c id  (HC1) or base  (NaOH) added to  o b ta in  the d e s ire d  
s lu r r y  pH, and w a te r added to  a d ju s t  t i e  f i n a l  volume to  100 ml. rim 
s lu r r y  was s u b je c te d  to  m agnetic s t i r r i n g  a t  room tem p era tu re  f o r  30 
rain and then  t r a n s f e r r e d  to  250 ml c e n tr ifu g e  b o t t l e s  f o r  30 min c e n t r i -
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fu g a tlo n  in  a  S o rv a ll  Superspeed Autom atic R e fr ig e ra te d  C en trifu g e  
(Model RC 2 -3 ) a t  8 ,000  rpm a t  10°C. The s u p e rn a ta n t was decan ted  
from th e  re s id u e  s o l i d s .  The pH of e x t r a c t io n  was p rep ared  by a d d itio n  
of IN NaOH o r  IN HClj pH was c a r e f u l ly  rechecked  and re a d ju s te d  during  
e x t r a c t io n .
A 20 ml a l iq u o t  o f  th e  e x t r a c t  was taken  f o r  n itro g e n  a n a ly s is .
The m acro -K jeldah l method was used  f o r  n i tro g e n  d e te rm in a tio n . In  tn e  
p r e s e n ta t io n  o f th e  ex p e rim en ta l d a ta ,  p ro te in  i s  ex p ressed  as n i t r o  en 
x 6 .2 5 . The d a ta  shown as p ro te in  s o l u b i l i t y  in c lu d e  a l l  n itro ,gen  in  
s o lu t io n .
2 . E f fe c ts  o f S a l t  on P ro te in  S o lu b i l i ty
S u f f ic ie n t  q u a n t i t i e s  o f s a l t  (NaCl) were added to  make 100 ml 
o f  e x t r a c t in g  media w ith  0 .1 ,  0 .2 5 , 0 .5  and 1.0N (Normal) NaCl c o n te n t.  
S lu r r ie s  of th e se  s a l t  c o n te n ts  were used  fo r  e x t r a c t io n  a t  f iv e  pH 
l e v e l s :  3 , 5 , 6 .8 ,  8 and 11 , acco rd ing  to  th e  p ro ced u res  a lre a d y  
d e s c r ib e d . C o n tro l s l u r r i e s  w ith o u t added s a l t  were a l s o  s tu d ie d .
3 . E f f e c ts  o f R a tio  o f  Squid to  E x tra c tin g  Medium 
on P ro te in  S o lu b i l i ty
S lu r r ie s  o f th re e  d i f f e r e n t  r a t i o s  o f ground sq u id  to  e x tr a c t in g  
medium, i . e . ,  5 , 10 and 20 grams o f sq u id  p e r  100 ml o f e x t r a c t in g  
medium, were e x tra c te d  a t  each  of the th re e  pH le v e l s :  3, n .f i ,  and ID.
h .  E x tra c t io n  Tem perature and P ro te in  E x tra c tio n
The e x t r a c t io n  and c e n tr i fu g in g  p rocedures were c a r r ie d  out a t  
5 , 25 and 55#C a t  each  of th re e  pH l e v e l s ,  i . e . ,  3 , 6 .8 ,  and 11.
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5. E f f e c ts  of pH on N itrogen P r e c ip i ta t io n  fro m 
E x tra c ts  O btained a t  pH 3 , (■«», and I 1
The pH o f  maximum p r e c ip i ta t io n  was determ ined  by t i t r a t i  
a l iq u o ts  of th e  e x t r a c t s  which had been o b ta in ed  through e x t r a c t io n  
a t  pH 3 , 6 .8 ,  and 11 , fo llow ed  by c e n t r i f u g a t io n  a t  3 ,0 0 0  rpm and 
10°C, and f u r th e r  by d e te rm in a tio n  o f the n itro g e n  c o n te n t o f th e  
su p e rn a ta n t th rough  th e  m acro -K je ldah l method.
DEODGRIZATIOH
Ground sq u id  was e x tr a c te d  a t  pH 11 a t  room tem p era tu re  in  
accordance w ith  p rocedures d e sc rib e d  i n  th e  p reced ing  s e c t io n .  A liquo ts  
tak en  from th e  e x t r a c t  were a c id i f ie d  by a d d it io n  o f IN HC1 fo r  p r e c i ­
p i t a t i o n  a t  pH 5 . The p r e c ip i ta te  was c e n tr ifu g e d  to  o b ta in  p r o te in  
i s o l a t e s  in  th e  form o f  w et c u rd .
F o r d e o d o riz a tio n  w ith  hydrogen p e ro x id e , th e  p ro te in  i s o la t e  
was s t i r r e d  in  fo u r volumes of 5 t  H2O2 fo r  30 m in, fo llow ed by 10-mi.n 
c e n t r i fu g a t io n  a t  5 ,000  rpm and 25°C. To remove r e s id u a l  H2O2 'ra n  
th e  s o l i d s ,  th e  re s id u e  s o l id s  were washed in  f iv e  volumes of d i s t i l l e d  
w a te r and c e n tr ifu g e d  two su c c e ss iv e  t im e s .
Four ty p e s  o f  a c id - a c t iv a te d  c la y s  were compared f a r  t h e i r  a b i l i t y  
to  d eo d o rize  p ro te in  e x t r a c t s  w ith  minim al ad v e rse  e f f e c t  on p ro te in  
re c o v e ry . P ro p e r t ie s  o f  th e se  c la y s  a re  summarized in  Appendix T ables 
7 th ro u g h  10. One o f  th e s e ,  Im pact 150, was chosen as the most e f f i ­
c ie n t  d e o d o r iz e r  and used th roughou t the  s tu d y .
F or d e o d o r iz a tio n  w ith  a c id - a c t iv a te d  c la y ,  a l iq u o ts  were t,aken 
from th e  e x t r a c t  o b ta in ed  a t  pH 11 and mixed w ith  5£ (w eigh t r a  ,io )
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c la y .  The m ix tu re  was s t i r r e d  f a r  10 min a t  room te n p e ra tu re ,  f o l lo w ; '1 
by 30 min c e n t r i f u g a t io n  a t  5 ,000  rpm. The s u p e rn a ta n t ,  now a t  pH 
8 .5  because o f  th e  a c id i ty  o f  th e  c la y ,  was s e p a ra te d  from th e  re s id u e  
s o l id s  and p r e c ip i ta te d  a t  pH 5 and c e n tr ifu g e d  a t  5 ,000  rpm fo r  30 
min.
For d e o d o r iz a tio n  w ith  95^ e th a n o l ,  th e  p r o te in  i s o l a t e  ob ta ined  
from p r e c ip i ta t io n  a t  pH 5 was s t i r r e d  in  th re e  volumes o f  95% e th a n o l 
f o r  30 min a t  room te m p e ra tu re . The m ix tu re  was c e n tr if t ig e d  a t  5,000 
rpm fo r  30 min and t i e  su p e rn a ta n t was d is c a rd e d . The c e n t r i fu g e  
re s id u e  was washed w ith  f iv e  volumes o f  d i s t i l l e d  w a te r and c e n t r i ­
fuged two su c c e ss iv e  tim e s .
F or d e o d o r iz a tio n  w ith  b o th  5% H2O2 and 95% e th a n o l ,  d e o d o riz a tio n  
u s in g  5% H2O2 was c a r r ie d  ou t i n i t i a l l y ,  fo llow ed  im m ediately  by 
d e o d o riz a tio n  w ith  95^ e th a n o l .  Far d e o d o r iz a tio n  w ith  both  a c id -  
a c t iv a te d  c la y  and 5% H2O2 o r b o th  a c id - a c t iv a te d  c la y  and 95% e th a n o l ,  
d e o d o r iz a tio n  w ith  a c id - a c t iv a te d  c la y  p receded  e i t h e r  5% H202 o r 
95% e th m o l  d e o d o r iz a tio n .
FREEZE DRYING
The p ro te in  i s o l a t e s  were fro z e n  and f re e z e -d r ie d  im m ediately  
a f t e r  p r e p a ra t io n .  L y o p h il iz a tio n  was c a r r ie d  o u t in  a V i r t i s  
F reeze -D ryer (Model USM-15) a t  a  s h e l f  tem p era tu re  o f  30 ♦ 5°C. A fte r  
ly o p h i l i z a t io n ,  th e  p r o te in  f r a c t io n s  were reduced  in  p a r t i c l e  s iz e  
by d ry -g r in d in g  in  a  Waring B len d o r. A nalyses were made on m a te r ia l  
p a ss in g  th rough  a  U0 mesh s t a i n l e s s  s t e e l  s c re e n . To in v e s t ig a te  
a c t i v i t y  o f  ca rb o h y d ra tes  on p re v e n tin g  f r e e z in g  d e n a tu m tio n  of 
p r o te in ,  th e  p ro te in  i s o l a t e s  were ly o p h i l iz e d  in  th e  p r e se n c e  of
Uo
O -  25% g lu co se  ( N u tr i t io n a l  B iochem ical C o rp .) ,  f ru c to s e  (M allin ck - 
ro d t  Chem ical W orks), o r  su c ro se  ( N u tr i t io n a l  B iochem ical C o rp .) . 
S o l u b i l i ty  was de term ined  a t  pH 8.
EVALUATION OF PRODUCTS
E v a lu a tio n  o f  sq u id  p r o te in  c o n c e n tra te s  in v o lv ed  in v e s t ig a t io n s  
o f  f u n c t io n a l i ty  ( s o l u b i l i t y ,  em ulsion  s t a b i l i t y ,  and sw e llin g  and 
w e tt in g  in  w a te r ) ,  p e p s in  d i g e s t i b i l i t y ,  and proxim ate co m p o sitio n .
1 . S o lu b i l i ty
A one gram sample o f p r o te in  was mixed in  100 ml o f d i s t i l  io-i 
w a te r  and th e  pH o f  th e  s o lu t io n  was a d ju s te d  to  8 . The s o lu t io n  was 
s t i r r e d  f o r  one hour a t  25°C, and th e  r e s u l t in g  d is p e r s io n  was th e n  
c e n tr ifu g e d  f o r  30 min a t  5 ,0 0 0  rpm. The e x t r a c ta b le  N was de term ined  
by th e  s ta n d a rd  m acro -K je ldah l m ethod. The p e rc e n t s o lu b le  p r o te in  
was c a lc u la te d  in  accordance w ith  th e  fo llo w in g  fo rm u la :
% s o lu b le  p r o te in  * (gram p ro te in  in  f i l t r a t e /
gram p r o te in  in  sam ple) x 100
2 . Em ulsion S t a b i l i t y
The t e s t i n g  p rocedure f o r  em ulsion  s t a b i l i t y  fo llow ed  recommenda­
t io n s  o u tl in e d  by P ro te in  Technology C en te r (1 9 6 8 ). A one gram sample 
o f p r o te in ,  75 ml o f  0.1M, pH 7 .0  c i t r a te -p h o s p h a te  b u f f e r ,  and 25 ml 
o f Wesson O il w ere p la c ed  in  a W aring B lendor and b lended  a t  maximal 
speed  f o r  2 m in. The em ulsion  was im m ediately  t r a n s f e r r e d  in to  a 
g rad u a ted  c y l in d e r  and allow ed to  s ta n d  a t  room te m p e ra tu re . The time 
between em ulsion  fo rm atio n  and em ulsion  breakdow n, in d ic a te d  by a
h i
phase s e p a ra t io n ,  was re c o rd e d . For com parative p u rp o ses , th e  em ulsion 
s t a b i l i t y  o f sodium c a s e in a te  (Schwarz/Mann, a  D iv is io n  of Becton, 
D ickinson and C o.) was a ls o  d e te rm in ed .
3 . S w ellin g  in  W ater
A 10{o su sp en sio n  o f p r o te in  in  0.1M, pH 7 .0  c i t ra te -p h o s p h a te  
b u f f e r  was p rep a red  in  a g rad u a ted  c y l in d e r .  The covered  g raduated  
c y l in d e r  was in v e r te d  g e n tly  th re e  tim es and th e  su sp en sio n  was allow ed 
t o  s e t t l e  a t  room tem p era tu re  f o r  60 m in. The r e s u l t  was ex p ressed  
i n  term s o f :
Sw elled  volume (m l) /  w eigh t in s o lu b le  p ro te in  (gram)
where
w eigh t in s o lu b le  p r o te in  (gram) ■ w eigh t o r ig in a l  m a te r ia l
-  w eig h t s o lu b le  p r o te in .
U. W ettin g  in  W ater
A 105f su sp en sio n  o f p r o te in  in  0.1M, pH 7 .0  c i t ra te -p h o s p h a te  
b u f fe r  was c e n tr ifu g e d  a t  10 ,000  rpm fo r  30 min. The p r e c ip i ta te  was 
w eighed to  de term ine  th e  amount of w a te r  being  h e ld . The r e s u l t  was 
e x p re ssed  in  term s o f :
W eight w a te r  bound (g ram )/ w eigh t in so lu b le  p r o te in  (gram) 
where
w eig h t in s o lu b le  p r o te in  (gram) ■ w eigh t o r ig in a l  m a te r ia l
-  w eigh t s o lu b le  p r o te in .
5 . P ep sin  D ig e s t i b i l i t y
Pepsin  d i g e s t i b i l i t y  was determ ined  in  accordance w ith  th e
U2
procedure o u tl in e d  in  A.O.A.C. (1 9 7 0 ). O ne-half gram sam ples o f  squ id  
p ro te in  c o n c e n tra te  p lu s  20 ml H C l-pepsin s o lu t io n  were prepared  
im m ediately  b e fo re  in c u b a tio n  and p lac ed  in  a 50 ml f la s k .  The fla sk  
was s to p p e red  and a g i ta te d  co n tin u o u s ly  in  a w r ls t - a c t io n  shaker 
( ly r o ta r y  S h ak e r, New Bruunswick S c i e n t i f i c  C o ., N. J . )  a t  U5 + 2°C 
th ro u g h o u t th e  in c u b a tio n  p e rio d  o f 16 h o u rs . A ctive pepsin  (0 .2 $  in
0.075N HC1) was used  t o  d ig e s t  sq u id  p ro te in  c o n c e n tra te  sam ples fo r  
16 h o u rs . Follow ing d ig e s t io n ,  th e  sam ples were c e n tr ifu g e d  in  50 ml 
tu b es  a t  3 ,000  rpm f o r  20 m in. A f te r  d is c a rd in g  th e  s u p e rn a ta n t,  the  
re s id u e  was washed w ith  d i s t i l l e d  w a te r  and c e n tr ifu g e d  th re e  su cce ­
s s iv e  t im e s . P ro te in  d e te rm in a tio n  in  th e  u n d ig e s te d  m a te r ia l  was 
c a r r ie d  ou t by th e  m acro -K je ldah l m ethod. P epsin  d i g e s t i b i l i t y  was 
e s tim a te d  by  th e  s ta n d a rd  p rocedure as fo llo w s :
% p e p s in  d i g e s t i b i l i t y  ■ £(gram  p r o te in  in  sample
-  gram p r o te in  in  r e s id u e )  x 100 J  /gram  p ro te in  in  sam ple.
6 . Proxim ate C om position of P roducts
The m acro -K je ldah l p rocedure was used  fo r  n itro g e n  d e te rm in a tio n . 
M o is tu re , l i p i d s  and ash  d e te rm in a tio n s  were c a r r ie d  ou t accord ing  to  
th e  s ta n d a rd  A.O.A.C. p rocedure  (1970).
Amino a c id  a n a ly s is  was made u s in g  a Beckman 116 Amino Acid Auto­
a n a ly z e r . D u p lica te  sam ples of 200 to  300 mg were hydro lyzed  w ith  
200 ml 6N HC1 fo r  22 h o u rs . The ac id  was removed a t  reduced  p re ssu re  
in  a  r o ta r y  e v a p o ra to r  a t  50°C. The re s id u e  was d is s o lv e d  in  0.2N 
sodium c i t r a t e  b u f f e r ,  pH 2 .2 .  In  t h i s  h y d ro ly sa te  a l l  amino a c id s  
w ere determ ined  ex cep t try p to p h a n . Tryptophan was determ ined  u s in r
U3
a c o lo r im e tr ic  method. T his method i s  based on enzym atic h y d ro ly s is  
of the  m a te r ia l ,  e x t r a c t io n  o f th e  hydro lyzed  p ro te in  w ith  a  m ix ture 
o f d i lu te d  po tassium  hydroxide and carbon t e t r a c h lo r id e ,  and s p e c tro -  
ph o to m etric  d e te rm in a tio n  o f try p to p h an  a f t e r  th e  a d d it io n  o f p -  
d im ethylam inobenzaldehyde t o  an a l iq u o t  o f th e  e x t r a c t  (Lombard e t  
a l . ,  1965).
hh
RESULTS AMD DISCUSSION
FACTORS AFFECTING PROTEIN EXTRACTION HI 
AQUEOUS MEDIUM
1 . E f f e c t  o f  pH on P ro te in  S o lu b i l i ty
An example o f  p r o te in  s o l u b i l i t y  p r o f i l e  i s  p re se n te d  in  F igu re  
1, in  which th e  e x t r a c t io n  tem p era tu re  was 25°C and the  r a t i o  o f squ id  
to  e x t r a c t in g  medium was 1*10 by w e ig h t. I t  i s  e v id e n t th a t  a  minimum 
s o lu b i l i t y  occurs a t  pH 5 ( i s o e l e c t r i c  p o in t ) .  At t h i s  i s o e l e c t r i c  
p o in t ,  18£ o f  th e  p ro te in s  o f  th e  sq u id  rem ains in  s o lu t io n .  P r o te in  
s o l u b i l i t y  in c re a se s  on both  th e  a c id ic  and b a s ic  s id e s  of th e  i s o ­
e l e c t r i c  p o in t .  The h ig h e s t  s o l u b i l i t y  occurs a t  pH 11 , being  about 
53%. S o lu b i l i ty  on th e  a c id ic  s id e  reach es  a maximum o f  on ly  kO% a t  
pH 3.
The a b so lu te  s o l u b i l i t i e s  v a r ie d  depending upon th e  e x t r a c t io n  
te m p e ra tu re , and th e  r a t i o  o f raw m a te r ia l  to  e x t r a c t in g  medium, bu t 
the  b a s ic  p a t te r n  o f s o l u b i l i t y  p r o f i l e  as d e sc rib e d  above rem ained 
unchanged. The maximum s o lu b i l i t y  was always lo c a te d  a t  pH 11, and 
the  i s o e l e c t r i c  p o in t  a t  pH 5 .
I s o e l e c t r i c  p o in ts  o f  f i s h  meat a re  g e n e ra l ly  re p o r te d  to  be 
between pH 5 and 7 ( s e e ,  f o r  exam ple, C onnell, 196U). The d a ta  in  
th i s  re se a rc h  in d ic a te  t h a t  th e  i s o e l e c t r i c  p o in t o f sq u id  p ro te in  i s  
on th e  low er s id e  o f t h i s  ra n g e . S im i la r ly ,  Noguchi e t  a l .  (1951) 
p re v io u s ly  re p o r te d  th e  i s o e l e c t r i c  p o in t  o f  sq u id  to  be low er than  
th o se  o f f i s h  m eat, i . e . ,  pH U .8 .
The s o lu b i l i t y  p r o f i l e  d a ta  p u b lish ed  by C onnell (1961*) in d ic a te  
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a t  r a t e s  depending upon th e  s to ra g e  tem p era tu re  and s p e c ie s  o f f i s h .
Such d a ta  o b ta in e d  In  t h i s  s tu d y  u s in g  fro z e n  sq u id  a re  g e n e ra l ly  
low er th a n  th o se  re p o r te d  f o r  f r e s h  f i s h  such as anchovy (83* a t  pH 
11; M a t t i l ,  1971), go lden  c ro a k e r  (ab o u t 70$ a t  pH 11; M a t t i l ,  1971), 
and m u lle t  (ab o u t 60* a t  pH 11 ; Meinke e t  a l . ,  19 7 2 ), b u t a re  o f 
com parable m agnitude to  th o se  o f  f ro z e n  f i s h  such as  hake f ro z e n  f o r  
2 years (ab o u t 5h% a t  pH 11 ; Meinke e t  a l . ,  1972).
2 . E f f e c t  o f S a l t  on P ro te in  S o lu b i l i ty
S e v e ra l in v e s t ig a to r s  d e s c r ib e d  v a r io u s  e f f e c t s  o f  s a l t  in  th e  
e x t r a c t in g  medium on p r o te in  s o l u b i l i t y .  F o r exam ple, Dyer (1°50) 
e x t r a c te d  95% o f  th e  p ro te in s  o f f r e s h  cod and h a l ib u t  m uscle in  a 
medium c o n ta in in g  3 - 5 %  NaCl a t  pH 7 -  9 . He p r e c ip i ta te d  th e  p ro te in  
from th e se  e x t r a c t s  by d i lu t in g  w ith  10 volumes o f w a te r .  Meinke e t  
a l .  (1972) a ls o  re p o r te d  changes i n  th e  s o l u b i l i t y  p r o f i l e  f o r  golden 
c ro ak e r  in  th e  p resen ce  o f  s a l t  in  th e  e x t r a c t in g  medium.
F ig u re  2 in d ic a te s  s o l u b i l i t i e s  o f  sq u id  p r o te in  a g a in s t  d i f f e r e n t  
s a l t  c o n c e n tra t io n s  (IN , 0 .5N , 0.25N, 0.1N and no added s a l t )  in  th e  
e x t r a c ta n t  a t  room te m p e ra tu re . The r a t i o  o f  raw m a te r ia l  to  e x t r a c ­
t in g  medium was 1 :1 0 . Near th e  i s o e l e c t r i c  p o in t (pH 5 ) ,  s o l u b i l i t y  
shows a s l i g h t  in c re a s e  w ith  s a l t  c o n c e n tra t io n .  However, an o p p o s ite  
s i t u a t i o n  p r e v a i l s  on b o th  th e  a c id ic  and b a s ic  s id e s  of th e  i s o e l e c ­
t r i c  p o in t ,  in  th a t  th e  a d d i t io n  o f  more s a l t  in  the  e x t r a c ta n t  r e s u l t s  
in  p ro g re s s iv e ly  d ec reased  s o l u b i l i t y .  A IN NaCl s o lu t io n  a t  pH 3 
in h ib i te d  th e  e x t r a c t io n  o f sq u id  p ro te in s  to  such an e x te n t  t h a t  th e  
s o l u b i l i t y  a t  pH 3 (ab o u t 21*) became d i s t i n c t l y  sm a lle r  th an  t h a t  a t  











FIGURE 2 . S o lu b i l i ty  o f Frozen Squid P ro te in  in  Water 
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These r e s u l t s  in d ic a te  t h a t  the y ie ld  o f sq u id  p ro te in s  p r e c ip i ­
ta t e d  a t  th e  i s o e l e c t r i c  p o in t from e x t r a c t s  o b ta in ed  a t  o th e r  pH 
le v e ls  w i l l  d im in ish  in  p ro p o rtio n  to  th e  amount o f s a l t  added in  the 
medium. For exam ple, in  a  medium w ith o u t added s a l t ,  about }U% of 
th e  squ id  p ro te in s  can  be p r e c ip i ta te d  a t  pH 5 u s in g  e x t r a c t s  o b ta in ed  
a t  pH U  and th e  sq u id  t o  e x t r a c ta n t  r a t i o  of 1 :1 0 ; when 0.25N NaCl 
i s  added to  t h i s  medium, th e  y ie ld  i s  reduced  to  about 2y%, and when 
IN NaCl i s  added, th e  y ie ld  i s  as low as 19$.
3 . E f f e c ts  o f  R a tio  o f  Raw M a te r ia l  to  E x tra c tin g  
Medium on S o lu b i l i ty
The e f f e c t  o f  th e  r a t i o  o f  raw m a te r ia l  to  e x t r a c t in g  medium on 
s o l u b i l i t y  i s  an im p o rta n t f a c to r  r e l a t e d  to  th e  econom ics o f a  p ro te in  
i s o l a t e  p l a n t .  A maximum y ie ld  o f  p ro te in s  a s s o c ia te d  w ith  an optimum 
l e v e l  o f  t h i s  r a t i o  w i l l  n o t o n ly  en su re  a  maximum e f f i c i e n c y  f o r  
p ro d u c tio n  b u t a l s o  a  sav in g  w ith  r e s p e c t  to  th e  c o s t  f o r  p ro c e ss in g  
and d is p o s a l  o f w astes  o r b y -p ro d u c t e f f l u e n t s .
The d a ta  in  T able 1 compare the  q u a n t i t i e s  o f  e x t r a c te d  p ro te in s  
a g a in s t  th re e  d i f f e r e n t  w eigh ts  o f  sq u id  in  100 ml e x t r a c t in g  medium:
5 ,  10 and 20 gram s, f o r  each  o f  th re e  e x t r a c t io n  p H 's , i . e . ,  3 , 6 .6 ,  
and 11 . These v a lu e s  were chosen  to  r e p re s e n t  an a c id ic  (pH 3) and a 
b a s ic  (pH 11) s t a t e  o f th e  s o lu t io n  as w e ll  as  one w ith  no ad ju stm en t 
f o r  pH (pH 6 .8 ) .  The q u a n t i t i e s  o f e x t r a c t s  a re  g iven  in  term s o f  
volume re co v e re d  by c e n t r i fu g a t io n  and p e rc e n t o f  p r o te in  in  volume o f 
reco v e re d  e x t r a c t .
As no ted  in  Table 1 , a t  a l l  l e v e ls  o f  e x t r a c t io n  pit, b o th  the 
volume o f  reco v e re d  e x t r a c t  and i t s  p r o te in  c o n te n t d ec reased  w ith  th e
U9
TABLE 1 .  P ro te in  E x tra c t io n  In flu e n c e d  by R a tio  o f Raw 
M a te r ia l to  E x tra c tin g  Medium a t  2$°C.
pH Squid/Medium 
R a tio  (a )
gram/100 ml medium
P ro te in  E x tr a c t  
Volume (b) P ro te in  (c )  
ml %
$ 86 52.00
3 10 77 U0.29
20 76 33.85
5 92 39.38
6 .8 10 88 31.08
20 7U 23.55
5 9h 83.U9
11 10 73 53.21
20 79 U9.U5
(a )  F rozen  a q u id  p e r  100 ml o f e x t r a c t in g  medium.
(b ) Volume o f  e x t r a c t  reco v e red  by  c e n t r i f u g a t io n .
(c )  P e rc e n t o f  p r o te in  i n  volume o f  reco v e re d  e x t r a c t .
amount o f sq u id  i n  th e  s o lu t io n .  As in d ic a te d  in  th e  fu ird  column, 
th e  reco v ered  volume by  c e n t r i fu g a t io n  was from 86 -  9U ml out of 
100 ml s o lu t io n  c o n ta in in g  5 gram sq u id . When th e  w eight of squ id  
was quadrupled  to  20 gram s, o n ly  7k -  79 ml was reco v e red . I t  i s  
g e n e ra l ly  im p o ssib le  t o  re c o v e r  th e  t o t a l  volume o f e x t r a c t in g  medium. 
F u rtherm ore , th e  in c re a se d  amount o f squ id  r a i s e s  v is c o s i ty  o f  the  
s o lu t io n  as w e ll  as th e  ten d en cy  fo r  g e la t io n .  These f a c to rs  combine 
t o  cause th e  reco v e ry  o f  p r o g re s s iv e ly  d im in ish ed  volumes of e x t r a c ts  
when th e  c o n c e n tra tio n  o f raw m a te r ia l  i s  in c re a se d  in  the s o lu t io n .
The e f f e c t  o f  th e se  problem s i s  seen more c l e a r ly  in  th e  p ro te in  
re c o v e ry . As shown in  th e  l a s t  column in  Table 1 , o f  the p ro te in  
in  s o lu t io n  was reco v ered  in  th e  e x t r a c t  a t  pH 11 when 5 g rans o f sq u id  
was u se d . W ith 20 grams o f  s q u id ,  the p ro te in  reco v ery  dropped to  
o n ly  $0% u nder o therw ise  the same c o n d i t io n s ,  the  rem ainder being 
r e le g a te d  t o  th e  c e n tr ifu g e  s ludge  r e s id u e .  S im ila r  s i tu a t io n s  are  
no ted  i n  th e  p ro te in  rec o v e ry  a t  e x t r a c t io n  pH 's o f 3 and o .B , p rov ided  
th a t  th e  amount o f reco v ered  p ro te in s  a t  th e se  pH 's were l e s s  than  
th a t  a t  pH 11 , as e x p e c te d .
I t  i s  e v id e n t th a t  th e  in c re a se d  c o n c e n tra tio n  of squid  in  the  
e x t r a c t in g  medium w i l l  enhance the  d i f f i c u l t y  o f w aste o r e f f lu e n t  
d is p o s a l  in  a p r o te in  i s o l a t e  p la n t ,  w h ile  d im in ish in g  the p ro d u c ti­
v i t y  o f  u s a b le  e x tr a c te d  p ro te in s  r e l a t iv e  to  th e  raw m a te r ia l em­
p lo y ed . R e su lts  s im i la r  to  th o se  o f th e  p re s e n t  s tu d y  were re p o rte d  
by Meinke e t  a l .  (1972) who used  f re s h  golden c ro a k e r  as raw m a te r ia l .  
They su g g e s t t h a t  th e  so lu b le  p ro te in s  rem aining in  the e x t r a c t  a f t e r  
the  re c o v e ry  o f th e  i s o l a t e  may be e x tr a c te d  th rough  the use o f po ly ­
phosphates (S p in e l l l  e t  a l . ,  1970) f o r  p o s s ib le  a p p l ic a t io n  to  speci 'M 
food fo r r m la t io n s .
U. E x tra c t io n  Tem perature and P ro te in  Ex t r a c t io n
Tem perature a f f e c t s  v i s c o s i ty  o f th e  s o lu t i o n ,  and consequen tly  
v a r io u s  rec o v e ry  p ro ced u res  such as l i q u i d - c o l i d s  s e p a ra t io n s  by 
c e n t r i fu g in g ,  sc ree n in g  and f i l t e r i n g .  Dyer e t  a l .  (1950) re p o r te d  
85 -  95$ p r o te in  e x t r a c t io n  from cod and h a l ib u t  muscle at, a  tem pera­
tu r e  o f 5°C. In  a  s tu d y  u s in g  f re s h  golden c ro a k e r , Meinke e t  a l .  
(1972) re p o r te d  an in c re a se  i n  th e  p ro te in  e x t r a c t io n  a t  pH 6 and II  
and a d ec rease  a t  pH 3 as th e  tem p era tu re  was r a i s e d  from 22 to  55°C.
The d a ta  o b ta in ed  i n  t h i s  s tu d y , p re se n te d  in  Table 2, i n d ic a te  
t h a t ,  w ith  an in c re a s e  in  tem p era tu re  from 25 to  55°C, th e  e x t r a c te d  
sq u id  p r o te in  in c re a se d  a t  pH 3 and 11, b u t d ecreased  a t  pH 6 .8 .  
C onverse ly , a s  th e  tem p era tu re  was reduced  from 25 to  5 °C, th e  p ro te in  
e x t r a c t io n  ag a in  in c re a se d  a t  pH 3 and 11, bu t  decreased  a t  pH <>.P. 
These r e s u l t s  d i f f e r  from th o se  o f  Meinke e t  a l .  (1972) mentioned 
above.
Maximum e x tr a c t io n  was 72$, ach ieved  a t  pH 11 and at, 55"C, which 
was m arkedly le s s  th an  the 95$ e x t r a c t io n  re p o rte d  by Dyer et. a l .  
(1 9 5 0 ). The d isc re p a n c y  p ro b ab ly  r e f l e c t s  n o t only  the d i f f e r e n c e  
i n  th e  sp e c ie s  o f  m a te r ia l  b u t a ls o  i t s  c o n d it io n , i . e . ,  f re s h  or 
f ro z e n .
The d a ta  i n  Table 2 a ls o  in d ic a te  t h a t  the  p r o te in  e x t r a c t io n  i s  
more s t ro n g ly  dependent upon pH th an  upon te m p e ra tu re . For example, 
th e  d if f e r e n c e s  in  th e  p ro te in  e x tr a c t io n  a s s o c ia te d  w ith  tem p era tu re  
v a r ia t io n s  a re  o f  th e  o rd e r  o f  app rox im ate ly  5$, whereas th o se  a s so -
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TABUS 2 . Tem perature E f f e c ts  on S o lu b i l i ty  o f Squid P ro te in  
a t  Three D if fe r e n t  pH 's w ith  S in g le  E x tra c t io n .
E x tra c tio n
Tem perature
#C
P ro te in  E x tra c te d  
%
pH 3 pH 6 .8 pH 11
5 1*1.79 30.95 65.81*
25 1*0.29 31.08 53.21
55 U6.15 28.72 72.31
N ote j M aterial/M edium  R a t io :  10 gram sq u id  p e r  100 ml 
e x t r a c t in g  medium.
S3
e la te d  w ith  pH v a r ia t io n s  a re  as g re a t  as 2$%.
T able 3 r e p re s e n ts  th e  d a ta  on th e  p r o te in  e x t r a c t io n  a f t e r  th re e  
su c c e ss iv e  e x t r a c t io n  p ro c e d u re s . E x tra c t io n  a f t e r  th e  t h i r d  c y c le  
was of n e g l ig ib le  amount. These re p e a te d  e x tr a c t io n s  r e s u l te d  in  a 
g a in  o f  e x t r a c te d  p ro te in s  by abou t 50% a t  pH 3 and 11 and by as much 
as  130£ a t  pH 6 .8  over th e  amount o b ta in e d  from s in g le  e x t r a c t io n s .  
Maximum amount o f p ro te in s  e x t r a c te d  ro se  to  Qh%t ach ieved  a t  pH 11 
a t  b o th  25 and 55°C. These d a ta ,  based  on re p e a te d  e x t r a c t io n s ,  s t i l l  
show th e  dom inant dependance o f p r o te in  e x t r a c t io n  on pH, r a th e r  than  
on te m p e ra tu re . I t  th u s  ap p ears  t h a t  i f  re p e a te d  e x t r a c t io n s  a re  to  
be u s e d , a  b e t t e r  economy w i l l  be ach ieved  u s in g  room tem p era tu re  con­
d i t i o n s .
B e ra rd i e t  a l .  (1969) d e s c r ib e d  a  tw o -s te p  e x t r a c t io n  p rocedure  
i n  w hich th e  low m o lecu la r w e ig h t, w a te r  s o lu b le  p ro te in s  e x tr a c te d  
a t  pH 6 .6  and h ig h  m o lecu la r w e ig h t, a lk a l i - s o lu b le  p ro te in s  e x t r a c te d  
a t  pH 10 were s e p a ra te d  s e l e c t i v e ly .  The f i r s t  s te p  was c a r r ie d  out 
w ith  d i s t i l l e d  w a te r  and the second s te p  w ith  0.015N NaOH. The c o t to n ­
seed  p r o te in s  e x t r a c te d  by th i s  p rocedure  accoun ted  f o r  s l i g h t l y  more 
o f  th e  t o t a l  n i tro g e n  and w eig h t o f th e  c o tto n se e d  f lo u r  th an  the  i s o ­
l a t e  o b ta in e d  from a  s in g le  s te p ,  a lk a l in e  e x t r a c t io n .  B erard i e t  a l .  
(op . c i t . )  found th a t  n e i th e r  q u a l i ty  n o r y ie ld  o f  i s o l a t e s  o b ta ined  
w ith  t h i s  p ro ced u re  were a f f e c te d  by e x t r a c t io n  te m p e ra tu re s  (25 -  
60°C ), ty p e  o f  a c id  used  f o r  p r e c i p i t a t i o n ,  o r  e x t r a c t io n  r a t i o  
(1 : 15 to  h  1 0 ) .
In  th e  work p re se n te d  h e r e ,  a tw o -s te p  e x t r a c t io n  method was 
a p p lie d  t o  s q u id  p r o te in s .  The f i r s t  s te p  was c a r r ie d  out a t  pH 6.0
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TABLE 3 . Tem perature E f f e c ts  on S o lu b i l i ty  o f  Squid P ro te in  
a t  Three D if f e r e n t  pH’s w ith  Three S uccessive  
E x t r a c t io n s .
E x tra c tio n
Tem perature
P r o te in ,  a f t e r  Three 
E x t r a c t io n s , %
°C pH 3 pH 6 .8 pH 11
5 57.36 76.89 82.1*3
25 59 .61 71.67 83.58
55 63 .U3 72.53 83.96
Note s Mate ria l/M ed ium  R a tio t  10 gram sq u id  p e r 100 ml 
e x t r a c t in g  medium.
(a  pH le v e l  o f  th e  i n i t i a l  aqueous s o lu t io n  w ith  no pH id just.m ent) ,  
and th e  second s te p  c o n s is te d  o f two rep ea ted  e x t r a c t io n s  a t  pH 10. 
These e x t r a c t io n s  were c a r r ie d  o u t a t  th re e  tem p era tu re s  (5 , 25, and 
55°C) and a f ix e d  mate ria l-m ed ium  r a t i o  o f  1 : 10 (sq u id : w a te r ) .  The 
d a ta  a re  p re se n ted  in  T ab les U through 6 and in  F ig u res  3 through 5 , 
in  which th e  r e s u l t s  from th re e  su c c e ss iv e  e x tr a c t io n s  at, pH 3 and 11 
a re  a ls o  in c lu d e d .
The d a ta  in d ic a te  th a t  w ith  re s p e c t  t o  th e  t o t a l  y ie ld  the two- 
s te p  e x t r a c t io n  p rocedure i s  s u p e r io r  to  th re e  su c ce ss iv e  e x t r a c t io n s  
a t  pH 3 , b u t d i s t i n c t l y  i n f e r i o r  to  th re e  re p e a te d  e x tr a c t io n s  a t  pH
11. The y ie ld  v a r ie d  more from th e  e f f e c t  o f  d i f f e r e n t  p rocedures 
th a n  from th a t  o f  e x t r a c t io n  te m p e ra tu re s . F or exam ple, th e  v a r ia t io n  
o f  t o t a l  p r o te in  y ie ld  a s s o c ia te d  w ith  d i f f e r e n t  e x t r a c t io n  tem pera­
tu r e s  were from 72 to  77% f o r  th e  tw o -s tep  p ro ce d u re , from 82 t o  8h$ 
f o r  th re e  re p e a te d  e x tr a c t io n s  a t  pH 11, and from 57 to  63$ f o r  th re e  
re p e a te d  e x t r a c t io n s  a t  pH 3 . I t  appeal's th e r e fo re  th a t  e x t r a c t io n s  
a t  pH 11 w i l l  s u f f ic e  from th e  p o in t  of view o f  p ro te in  y i e l d .
5 . E f f e c ts  of pH on N itro g en  P r e c ip i ta t io n  from 
E x tra c ts  O btained  a t  V arious pH»s
The d a ta  in  F ig u re  6 p rov ide  a means by w hich to  e s tim a te  th e  
amc i t  o f  p r e c ip i ta b le  p ro te in s  from e x t r a c t s .  F or exam ple, ta k in g  
an e x t r a c t  p rep ared  a t  pH 11 , th e  amount o f so lu b le  p r o te in  in  t h i s  
e x t r a c t  d ec rea se d  as th e  e x t r a c t  i s  a c id i f ie d  by a d d it io n  of HC1, 
u n t i l  a  minimum s o l u b i l i t y  i s  reached  a t  pH 5 . At t h i s  pH, approxim a­
t e l y  2lx% o f  th e  p ro te in s  o f  th e  e x t r a c t  rem ain in  s o lu t io n ,  th e  remain-
TABLE U. Successive Extractions o f Squid Protein with
Aqueous Medium a t D ifferen t pH's a t 5°C.
pH
P ro te in  E x tra c te d  
%
E x tra c t io n Numbers
1 2 3 T o ta l
11 65.au 12.10 U.U9 82 .U3








N ote: 10 gram sq u id /1 0 0  ml medium.
(a )  E x tr a c t io n  a t  pH 6 .8 .
(b )  E x tr a c t io n  a t  pH 1 0 .0 .
TABIE 5. Successive Extractions of Squid Protein with
Aqueous Medium a t D ifferen t pH's at 25°C.
P ro te in  E x tra c te d  
%
pH
E x tra c tio n  Numbers
1 2 3 T o ta l
11 53 .20 23.52 8 .19 83.58








N ote : 10 gram sq u id /1 0 0  ml medium.
(a )  E x tra c tio n  a t  pH 6 .8 .
(b ) E x tra c t io n  a t  pH 1 0 .0 .
TABLE 6 . Successive Extractions of Squid Protein with
Aqueous Medium at D ifferent pH's a t 55°C.
P ro te in  E x tra c ted  
%
P H _______________________________
E x tr a c t i  on Numbers
1 2 3 T o ta l
11 72.31 7.22 U.143 83.96








N o te : 10 grma squidAOO ml medium
(a )  E x tra c t io n  a t  pH 6 .6 .





















FIGURE 3 . S u ccessive  E x tra c t io n s  o f  S o lub le
























FIGURE U. S u ccessiv e  E x tra c tio n s  of S o lub le  
Squid  P ro te in  w ith  Aqueous Medium 
























FIGURE 5. S u ccessiv e  E x tra c tio n s  o f S o lub le  
Squid  P ro te in  w ith  Aqueous Medium 
a t  pH 11.
100
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d e r  (76/C) be ing  p r e c i p i t a b le . S ince  the  e x t r a c t  p repared  a t  piJ 1} 
c o n ta in e d  abou t 53/C of th e  p ro te in s  o f th e  raw m a te r ia l  (see  Table J, 
under 25°C and pH 1 1 ) , th e se  p r e c ip i ta b le  p ro te in s  a t  pH 5 w il l  account 
f o r  abou t U0% o f  th e  p ro te in s  in  th e  sq u id  sam ple.
As f o r  th e  e x t r a c t  o b ta in e d  a t  pH 3 (se e  F ig .  6 ) ,  as much as 
o f th e  p ro te in s  rem ain in  s o lu t io n  a t  th e  i s o e l e c t r i c  p o in t .  S ince 
th e  e x t r a c t  p rep a red  a t  pH 3 co n ta in ed  abou t l*0$C o f  th e  p ro te in s  of 
sq u id  (see  T able 2 ) ,  th e  p r o te in s  p r e c ip i ta b le  a t  pH 5 from th is  
e x t r a c t  r e p re s e n ts  on ly  20% o f  th e  p ro te in s  o f the  sq u id  sam ple. L ik e ­
w ise , an y ie ld  o f  ab o u t 17/C i s  e s tim a te d  from th e  e x t r a c t  o b ta in ed  
a t  pH 6 .8 .  The e x t r a c t  o b ta in ed  a t  pH U  i s  th e r e fo re  cap ab le  o f  
g iv in g  th e  l a r g e s t  y ie ld  in  p r o te in  i s o l a t e .
DEGDORIZATIGN
Four ty p es  o f  a c id - a c t iv a te d  c la y s  were compared f o r  t h e i r  
a b i l i t y  t o  d eo d o rize  p r o te in  e x t r a c t s  w ith  m inim al adverse  e f f e c t  
on p r o te in  re c o v e ry . P ro p e r t ie s  o f  th e se  c la y s  a re  summarized in  
Appendix T ab les  7 th rough  10. In  the v e g e ta b le  o i l  and o th e r  e d ib ie  
o i l  i n d u s t r i e s ,  c la y  has been used to  p u r if y  th e  c o lo r  o f  th e  product, 
and remove u n d e s ira b le  o rg an ic  im p u r i t ie s  by s e le c t iv e  a d so rp tio n . 
However, th e  p o t e n t i a l  u se  o f th i s  m a te r ia l  as  d eo d o riz in g  agen t has 
re c e iv e d  l i t t l e  a t t e n t io n .
T able 7 re p re s e n ts  th e  d a ta  on th e  p e rc e n t f a t  c o n te n t in  the  
d eo d o rized  p r o te in  i s o l a t e  w ith  th e se  a c id - a c t iv a te d  c la y s .  The d a ta  
a re  shown in  com parison w ith  th e  f a t  c o n te n t in  th e  undeodorized p ro ­






















FIQURE 6 , E f f e c t  o f  pH on N itro g en  P r e c ip i ta t io n  
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TABLE 7* E f f e c t  o f A cid -A ctiva ted  Clays on F a t Recovery in  
Squid P ro te in  I s o la te  a t  V arious T em peratu res.
Clay Type Temperature R esidual F a t
°C %
55 8L.51
Im pact 150 25 77.55
5 71.22
55 87.95
Im pact 12 25 89.75
5 89.95
55 80.32
Im pact 100-RR 25 88.52
5 88.87
55 81.52
S upact 150 25 79.05
5 87.09
Note t Clay concentration 5%
t 5
The amount o f  f a t  removed by a c id - a c t iv a te d  c la y s  v a r ie d  fron lu  to  
305C, depending upon tem p era tu re  as w e ll  as upon ty p es  of c lay  u sed .
At room te m p e ra tu re , Im pact l£ 0  appeared  to  be the  most e f f i c i e n t  
d e o d o riz e r  o f  th e  fo u r  c la y  ty p es  t e s t e d .
A c id -a c tiv a te d  c la y s  absorb  p ro te in s  as w e l l  as f a t s .  Table 8 
shows th e  d a ta  on th e  lo s s  o f p ro te in s  in  th e  e x t r a c t s  s u b je c te d  to  
c la y  tre a tm e n t. The d a ta  a re  shewn r e l a t iv e  to  th e  p ro te in s  i n  the 
u n tre a te d  e x t r a c t  a t  pH 11 . A gain , s ig n i f i c a n t  e f f e c t s  of tem pera­
tu re  on p ro te in  lo s s  a re  n o te d . Im pact 150, which was s in g le d  01; t  
as the m ost e f f e c t iv e  d e f a t t in g  a g e n t, appeared t o  account fo r  t.hr 
l e a s t  amount o f p r o te in  lo s s  a t  room te m p e ra tu re . As a consequence, 
i t  was d ec id ed  to  use  Im pact 150 a t  room tem p era tu re  i n  a l l  the  
subsequen t ex p e rim en ts .
A t o t a l  o f  s ix  deodorized  sam ples of i s o e l e c t r i c  p ro te in s  were 
p rep ared  (see  Table 9 ) .  Three o f th e s e ,  each  t r e a te d  w ith  a c id -  
a c t iv a te d  c la y  (Im pact 1 $ 0 ) , $% H2O2 o r  9$% e th a n o l ,  d id  no t e x h ib i t  
d e te c ta b le  odor when f r e s h ly  p re p a re d . However, a f i s h y  odor was 
d e te c ta b le  in  th e  sam ples t r e a te d  w ith  5% H2O2 o r  a c id - a c t iv a te d  c lay  
in d iv id u a l ly  a f t e r  3 days o f  t h e i r  p r e p a ra t io n ,  and in  the  e th a n o l -  
t r e a te d  sample a f t e r  1 m onth. Samples d eo d o rized  w ith  H?02> a c id -  
a c t iv a te d  c la y  or 9$% e th a n o l a l l  developed an o f fe n s iv e  odor a f t e r  
two m onths' s to ra g e  a t  room te m p e ra tu re . The odor was comparatlvel." 
l e a s t  pronounced in  th e  sample t r e a te d  w ith  95 J e th a n o l ,  b u t was 
s tro n g e r  in  th e  sam ples t r e a te d  w ith  5% H2O2 o r  a c id - a c t iv a te d  c la y ,  
in  the o rd e r  named.
The rem aining th re e  sam p les, w hich were deodorized  w ith  com bina-
TABLE 8 . E f f e c t  o f  A c id -a c tiv a te d  C lays on P ro te in  Recovery ir. 
Squid P ro te in  I s o l a t e  a t  V arious T em peratu res.
C lay  Type Tem perature P ro te in  in  S o lu tio n
°C %
55 61.60
Im pact 150 25 95.23
5 91.12
55 59 .05
Im pact 12 25 91 .66
5 90.93
55 7 t .0 7
Im pact 100-RR 25 85.65
5 91 .71
55 7U.31
S u p ac t 150 25 8U.87
5 91.11
N ote i C lay  c o n c e n tra t io n  5%.
0 /
TABLE 9 . E f f e c ts  o f  V arious D e o d o riza tio n s  on F a t 
R eduction  and Odor C h a r a c te r i s t ic s
Odor
P r o te in  P roducts F a t
*
When fresh * A f te r  2 mo.
U ndeodorized
I s o l a t e U.07
P r o te in  I s o l a t e s  
D eodorized w ith*
Ac id - a c t iv a te d  
C lay  (Im pact 
150) 3 .1 5 no (a ) s tro n g
5* H202 3 .3 2 no (a ) s tro n g
95* E th an o l 1 .8 2 no (b ) s tro n g
Ac id - a c t iv a te d  
C lay  ♦ 95* 
E th an o l 1 .0 6 no no
5* H20o ♦ 95* 
E th an o l 1 .5 8 no no
Ac id - a c t iv a te d  
C lay  ♦ 5* H202 2.9k no (a ) f a i n t
S o lv e n t-e x tr a c te d
C o n cen tra te 0 .08 no no
(a) F ish y  odor d e te c ta b le  a f t e r  3 d ay s .
(b ) F ish y  odor d e te c ta b le  a f t e r  1 m onth.
od
t lo n s  o f each  two a g e n ts , were more s a t i s f a c t o r y  w ith  r e s p e c t  tr> odor 
c h a r a c t e r i s t i c s .  In  p a r t i c u l a r ,  two o f th e se  sam ples which were 
t r e a te d  w ith  5% H2O2 p lu s  95% e th a n o l and w ith  a c id - a c t i v a t e d  c lay  
p lu s  95% e th a n o l ,  r e s p e c t iv e ly ,  were e s s e n t i a l l y  o d o rle ss  and remained 
so a f t e r  s to ra g e  f o r  s ix  months a t  room tem p e ra tu re . The sample 
t r e a t e d  w ith  a c id - a c t iv a te d  c la y  p lu s  5 t  H2O2 , however, was l e s s  s a t i s ­
f a c to r y ;  i t  e x h ib ite d  no d e te c ta b le  odor when f r e s h ly  p re p a re d , but 
a f t e r  one month a t  room tem p era tu re  developed  a f a i n t  f is h y  odor. The 
odor i n t e n s i t y  o f t h i s  sample a f t e r  s ix  months a t  room tem pera tu re  
appeared  e s s e n t i a l l y  unchanged.
Table 9 in c lu d e s  th e  d a ta  on f a t  e x t r a c t io n  as a r e s u l t  o f  th e  
v a r io u s  d eo d o riz in g  tre a tm e n ts  em ployed. I t  i s  e v id e n t t h a t  a l l  
th e  d eo d o riz in g  ag en ts  used  a re  e f f e c t iv e  in  f a t  re d u c tio n . The m ost 
e f f e c t iv e  a g en t was 95% e th a n o l ,  b u t i t  was n o t s u f f i c i e n t  a lone to  
accom plish  com plete d e o d o r iz a tio n . The lo w est f a t  c o n te n t ,  1 .0 b £ , was 
ach ieved  i n  th e  sample t r e a te d  w ith  a c id - a c t iv a te d  c la y  p lu s  95% 
e th a n o l ,  fo llow ed  by th e  sample t r e a te d  w ith  5% H2O2 p lu s  95% e th a n o l 
( f a t  c o n te n t 1 .5 8 /0 .  These two sam ples were p r a c t i c a l l y  o d o rle ss  and 
o r g a n o le p t ic a l ly  m ost s t a b l e ,  a lth o u g h  t h e i r  f a t  c o n te n ts  s t i l l  r e ­
mained c o n s id e ra b ly  h ig h . T his su g g es ts  t h a t  th e  odor in  th e  sq u id  
p r o te in  c o n c e n tra te ,  as in  f i s h  p r o te in  c o n c e n tr a te ,  i s  n o t a s so c ia te d  
w ith  f a t  a lo n e , b u t a l s o  w ith  o th e r  su b s ta n c es  which a re  s u s c e p tib le  
to  a d s o rp tio n  to  c la y  p a r t i c l e s  o r  o x id a tio n  w ith  H202* Yamanish e t  
a l .  (1952) i d e n t i f i e d  a  s o lu b le  su b stan ce  produced from o x id a tio n  of 
p ip e r id in e  as w e ll as p ip e r id in e  i t s e l f  to  be re sp o n s ib le  f o r  a fou l 
f i s h y  o d o r.
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In  the  p re s e n t  r e s e a rc h , a  com plete rem oval o f odor could  not be 
accom plished th rough  s o l  v en t-ex  t r a c t  io n  u s in g  iso p ro p an o l alone . hv>*p 
a f t e r  th re e  su c c e ss iv e  cy c le s  o f  e x t r a c t io n  u s in g  a z e o tro p ic  iso p ro p a -  
n o l ,  a d e te c ta b le  f i s h y  odor p e r s i s te d  i n  th e  sq u id  p ro te in  product 
a lth o u g h  th e  tre a tm e n t reduced th e  f a t  c o n te n t to  l e s s  th an  0 .01^
(see  Table 1 0 ). In tro d u c tio n  o f  95% e th a n o l ,  e i t h e r  co ld  or hot., 
fo llow ing  th e  th re e  s ta g e s  o f  iso p ro p a n o l e x t r a c t io n  was n ecessa ry  to  
accom plish  s a t i s f a c t o r y  d e o d o r iz a tio n . The r e s u l t in g  p ro d u c t, shown 
i n  Table 9 ,  had th e  l e a s t  amount o f  fav  c o n te n t o f  a l l  th e  squid  
p r o te in  p ro d u c ts  p rep ared  i n  t h i s  s tu d y , i . e . ,  0.08/6. The odor 
c h a r a c t e r i s t i c s  o f  t h i s  p ro d u c t were e s s e n t i a l l y  e q u iv a le n t  to  the 
p ro d u c ts  t r e a te d  w ith  a c id - a c t iv a te d  c la y  p lu s  95% e th a n o l o r w ith  
5% H2O2 p lu s  95% e th a n o l ,  w hich co n ta in e d  a much la r g e r  amount o f f e t  
th an  the  s o lv e n t- e x t r a c te d  p ro d u c t.
FREEZE DRYING
Table 11 shows th e  s o l u b i l i t y  o f the  p r o te in  i s o l a t e s  a f te  ■' 
f re e z e  d ry in g , w ith  and w ith o u t c a rb o h y d ra te s  p r e s e n t .  I t  i s  rr 'ted  
t h a t  fre e z e  d ry ing  w ith o u t ca rb o h y d ra tes  reduced the  s o l u b i l i t y  by 
about 30%, C arbohydrates a l l e v ia te d  th e  s o l u b i l i t y  re d u c tio n  by 
a f fo rd in g  p r o te c t io n  a g a in s t  f re e z in g  d e n a tu ra t io n .  Of th e  th re e  
ty p es  o f  c a rb o h y d ra te s  t e s t e d  (g lu c o se , f r u c to s e ,  and s u c ro s e ) ,  
su cro se  g e n e ra l ly  was th e  m ost e f f e c t i v e .  S o lu b i l i ty  o f th e  p ro te in s  
c o -d r le d  w ith  2556 su c ro se  approached c lo s e ly  th e  s o l u b i l i t y  o f  p ro ­
t e in s  b e fo re  f re e z e -d ry in g . T h is i s  in  c o n t r a s t  w ith  p rev ious r e s u l t s  
o f  S p in e l l i  e t  a l .  (1 9 7 2 a), who re p o rte d  g lucose  to  be most e f f e c t iv e
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TABLE 10 . Fat Contents In Solvent-Extracted Squid Protein
Concentrate•
F a u r-e ta g e  E x tra c tio n s F a t C o n ten t, %
E v is c e ra te d , desk lnned  Squid b.US
1 s t  E x tra c t io n  w ith  A seo trop ic
Iso p ro p an o l U .29
2nd E x tra c t io n  w ith  A zeo trop ic
Iso p ro p an o l 1 .01
3rd  E x tra c t io n  w ith  A seo trop ic (a )
Iso p ro p an o l 0 .09
Uth E x tra c t io n  w ith  95£ E thanol 0 . 0 8 ^
(a )  F a in t  f i s h y  o d o r.
(b ) Ho d e te c ta b le  odor.
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TABLE 11 . E f fe c ts  o f  C arbohydrates on P rev en tio n  of 
F reez in g  D en& turation o f  P ro te in .
C arbohydrates
C o n ce n tra tio n
S o lu b le
F ru c to se
P ro te in  A f te r  F reeze Drying 
w ith t  
Glucose S ucrose
* % % %
5 55.20 63.27 70.18
10 6U.79 65.02 82*.16
15 66.03 68 .69 81.1*2
20 68.2*8 70.25 82*.2*2*
25 69.68 78.92 87.08
a g a in s t  f re e z in g  d e n a tu ra t io n  o f  m y o f i b r i l l a r  p ro te in s  p repared  ;'r ' -  
Ocean r o c k f i s h .  In  the work p resen ted  h e re ,  the perform.uum of -luco^e 
and f ru c to s e  was l e s s  s a t i s f a c t o r y  th a n  t h a t  o f  g lucose .
EVALUATION OF SQUID PROTEIN CONCENTRATES
1 . S o lu b i l i ty
Table 12 in d ic a te s  th e  s o l u b i l i t y  d a ta  a t  pH 8 o f v a rio u s  squi l 
p ro te in  c o n c e n tra te s  p repared  in  t h i s  s tu d y . In  g e n e ra l ,  tlio s o l u ­
b i l i t i e s  o f  th e  sq u id  p ro te in  c o n c e n tra te s  deodorized  w ith  a c id -  
a c t iv a te d  c la y ,  5% H2O2 ,  95% e th a n o l o r  t h e i r  p a ire d  com binatio i s were 
from 37 -  60% and hence were d i s t i n c t l y  h ig h e r  th an  that, o f  th e  
s o lv e n t- e x tr a c te d  sq u id  p ro te in  c o n c e n tra te  (abou t 3%) as w e ll  as 
th a t  o f  s o lv e n t- e x tr a c te d  f i s h  p r o te in  c o n c e n tra te s .  F o r exam ple, 
th e  s o l u b i l i t y  o f  th e  A s tra  FPC i s  o f  the  o rd e r  o f 3% between pH 3 
and 11 (Hermansson e t  a l . , 1971). A s o lv e n t- e x tr a c te d  m ullet-FPC was 
re p o rte d  to  have a  s o l u b i l i t y  of th e  o rd e r  o f 2% a t  pH 7 ( M a t t i ] ,
1971).
Of th e  v a r io u s ly  deodorized  squ id  p ro te in  c o n c e n tr a te  , those 
t r e a te d  w ith  95% e th a n o l ,  e i t h e r ly  s in g ly  or in  com b ination  w it) ,  o th e r  
a g e n ts , e x h ib i te d  c o n s is te n t ly  low er s o l u b i l i t i e s  (37 -  Ul,?) than  
d id  th e  p ro d u c ts  n o t exposed to  95% e th a n o l (U7 -  601?). The p e r c e n t  
re d u c tio n  o f  s o l u b i l i t y  from th a t  o f  th e  undeodorized  i s o e l e c t r i  c 
p ro te in  ( a f t e r  ly o p h i l i z a t i o n ) , shown in  t t e  t h i r d  colunn o f  Table 12, 
e x p la in s  t h i s  s i t u a t io n  in  f u r th e r  d e t a i l .  D eo d o riza tLon w ith  95% 
e th a n o l reduces th e  s o l u b i l i t y  by as  much as 35 -  U l$ . However, t h i s  
re d u c tio n  i s  semewhat c o n se rv a tiv e  as compared w ith  the re d u c tio n
TABLE 12. S o lu b ility  o f Various Protein Concentrates
a t pH 8 .
P ro te in  P ro d u c ts  S o lu b le  S o lu b i l i ty
P ro te in  R eduction
% %
U ndeodorised
I s o la te  63*85 0
P ro te in  I s o la t e s  
D eodorised w ith :
A c id -a c tiv a te d  60 .06  5 .90
C lay  (Im pact
150)
5* H202 59 .89  6 .17
95* E th an o l U1.U8 35*01
A c id -a c tiv a te d  
Clay ♦ 95*
E th an o l 37.23 U l.67
5* h202 ♦ 95*
E th an o l 37.23 U l.67
A c id -a c tiv a te d
C lay  «■ 5* H202 U7.85 25.03
S o lv e n t-e x tra c te d
C o n cen tra te  3 *10 95•15
V h
a s s o c ia te d  w ith  a z e o tro p ic  iso p ro p an o l tre a tm e n t re p o rte d  by o th e r  
inve t i , , a t o r s .  For exam ple, S p i n e l l i  e t  a l .  ( l? ,V a )  repo: ted  a s o lu ­
b i l i t y  re d u c tio n  o f  as  much as 80JS as a  r e s u l t  of f a t  e x t r a c t io n  w ith  
60^ iso p ro p a n o l a t  20°C fo llow ed by vacuum d ry in g  a t  60°C.
Both a c id - a c t iv a te d  c la y  and 5% H2O2 accoun ted  fo r  a s o lu b i l i t y  
re d u c tio n  o f  s im i la r  o rd e r  (6%) when used in d iv id u a l ly .  However, when 
d eo d o rized  s u c c e s s iv e ly  w ith  a c id - a c t iv a te d  c la y  and 5% H2O2 , a s o lu ­
b i l i t y  re d u c tio n  as h ig h  as 2 5 ’ was e f f e c te d .
2 . B nu lsion  S t a b i l i t y
Table 13 shews th e  em ulsion  s t a b i l i t y  d a ta  fo r  f iv e  p r o te in  p ro ­
d u c ts  p rep a red  from sq u id  in  t h i s  s tu d y . Em ulsion s t a b i l i t y  o f th ro e  
d eo d o rized  p ro d u c ts  w ere e s s e n t i a l l y  o f  e q u a l m agnitude (from  50 -  55 
min) and was m arkedly s u p e r io r  to  t h a t  o f  Na c a s e in a te  (25 m in ).
Ebiulsion s t a b i l i t y  o f  th e  s o lv e n t- e x tr a c te d  squ id  p r o te in  c o n c e n tra te  
was v i r t u a l l y  n o n - e x is te n t .
3 . W ater Uptake
Spontaneous u p tak e  of w a te r from su rro u n d in g  f lu id  can be expresued 
in  term s o f  e i t h e r  volume ( c a l le d  " sw e llin g ” ) o r  w eight ( c a l le d  " w e tt­
in g " ) .  T able 11* shows th e  d a ta  on " sw e llin g "  f o r  th e  squ id  p r o te in  
p ro d u c ts  p rep ared  in  t h i s  s tu d y . The d eo d o rized  aqueous i s o l a t e s  e x h i­
b i te d  a  s w e llin g  c a p a b i l i t y  n e a r ly  e q u a l to  t h a t  o f  undeodorized  p ro te in  
i s o l a t e .
Table 15 in d ic a te s  t h a t  the  w e ttin g  p ro p e r ty  o f  the aqueous p r o te in  
i s o l a t e s  was l i t t l e  a f f e c te d  by d e o d o r iz a t io n . As is  e v id e n t from 
T ab les 11* and 15 , the  s o lv e n t- e x tr a c te d  sq u id  p ro te in  c o n c e n tra te
TABLE 13. Efenislon S ta b il i ty  o f  Various Squid
Protein Concentrates.
P ro te in  P ro d u c ts  Em ulsion S t a b i l i t y
m inutes
U ndeodorized I s o la t e  90
P ro te in  I s o la t e s  D eodorized 
w ith :
A c id -a c tiv a te d  C lay 
(Im pact 150) +
95* E th an o l 50
5* H202 ♦ 95* Ethanol 50
A c id -a c tiv a te d  C lay ♦
5* H202 55
S o lv e n t-e x tra c te d  C o n cen tra te  2
Na C ase in a te  25
TABLE lU« S w elling  in  W ater o f Squid P ro te in  
C o n c e n tra te .
W ater Uptake
P ro te in  P roducts
sw ell volume m l/ 
gram In so lu b le  p ro te in
U ndeodorlsed I s o l a t e  10 .21
P ro te in  I s o la t e s  Deodorized 
w ith  i
A cid-activated Clay 
(Impact 150) ♦ 95%
Ethiuaol 8.1*8
5% H202 ♦ 95% E th an o l 8.51*
Ac I d - a c t iv a te d  Clay ♦
5% H202 9.85
S o lv e n t-e x tra c te d  C o n cen tra te  0 .92
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TABLE 15. Water Binding A b ility  of Various Squid
Protein Concentrates,
P ro te in  P roducts W etting  in  W ater (a )
Undeodorized I s o la te 7.21
P ro te in  I s o la te s  D eodorized
w ith  t
Acid - a c t iv a te d  C lay ♦ 95%
E thanol 5 .76
5% H202 ♦ 95% E th an o l 5.76
A c id -a c tiv a te d  C lay  +
5% H202 6.8U
S o lv e n t-e x tr a c te d  C oncen tra te 0.53
(a )  U nit i w eigh t w a te r  bound (gram )/weiF;ht in so lu b le  
p r o te in  (gram)
7 rt
showed n e i th e r  sw e llin g  nor w e ttin g  p r o p e r t ie s .
U. P epsin  D ig e s t i b i l i t y
Table 16 l i s t s  th e  d a ta  on p ep s in  d i g e s t i b i l i t y  of seven squid  
p r o te in  p ro d u c ts  p rep ared  in  t h i s  s tu d y . A ll  o f  th e se  p ro d u c ts , i n ­
c lu d in g  b o th  undeodorized and deodorized  p roducts  as we ;.l as s o lv e n t -  
e x tr a c te d  p r o te in  c o n c e n tra te ,  e x h ib ite d  e x c e l le n t  p ep s in  l i g e s t i b i  
l i t y  to  r e a d i ly  m eet th e  FAO s ta n d a rd  (92$; see  A pptneix fab le  ! i) .  
P re v io u s ly , Kawada e t  a l .  (1955) re p o rte d  a p ep s in  d i g e s t i b i l i t y  o f 
o n ly  83 -  89$ f o r  a  sq u id  meal which was p rep ared  by h o t - a i r  d eh y d ra ­
t io n  o f cooked, e v is c e ra te d  sq u id .
5 . Proxim ate A nalysis
Table 17 summarizes th e  r e s u l t  o f  proxim ate a n a ly s is  fo r  seven 
sq u id  p r o te in  p ro d u c ts . I t  i s  c l e a r  t h a t  th e se  p ro d u c ts  s a t i s f y  bo th  
th e  FAO and FDA s ta n d a rd s  w ith  r e s p e c t  t o  crude p ro te in  and m o istu re  
c o n te n ts .  P a r t i c u la r ly  w ith  r e s p e c t  to  p ro te in  c o n te n t ,  th e  s o lv e n t-  
e x t r a c te d  sq u id  p ro te in  c o n c e n tra te  was s u p e r io r  to  most o f  the 
com m ercially  produced s o lv e n t- e x tr a c te d  FPC's (see  Anpendix Table 5 ) .
The p ro te in  c o n te n t in  th e  deo d o rized  aqueous i s o la t e s  approached th a t  
of th e  A s tra  FFC u s in g  e v is c e r a te d ,  deboned f i s h  and t h a t  of the  
H a lifa x  FPC u s in g  cod f i l l e t s .
I t  i s  n o te d , however, t h a t  th e  l i p i d  c o n te n t in  the sam ples 
p re se n te d  here  (1 -  3$) a re  somewhat h ig h e r  th an  adm itted  by the  FAO 
and FDA s ta n d a rd s  (0 .5  -  0 .7 5 $ ) , a lth o u g h  th e se  p ro d u c ts  were e s s e n ­
t i a l l y  f re e  o f  f is h y  odor and were p o ssessed  o f an a p p re c ia b le  le v e l  
o f  o rg a n o le p tic  s t a b i l i t y .  As ex p ec te d , the  s o lv e n t- e x tr a c te d  squid
TABLE 16. Pepsin D ig e s t ib i l i ty  o f Various
Squid Protein Concentrates.
P ro te in  P roducts  P epsin  D ig e s t i b i l i t y
Whole Squid 95.10
E v isc e ra te d  Squid 95*98
Undeodorized I s o la te  99.21
P ro te in  I s o la te s  D eodorized 
w ith s
A c id -a c tiv a te d  C lay  ♦
95$ E th an o l 99.98
$% H202 * 95$ E thano l 99.99
A c id -a c tiv a te d  C lay ♦
5$ H202 99.98
S o lv e n t-e x tr a c te d  C oncen tra te  98.75
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TABLE 17 . Proxim ate A nalysis  o f  V arious Squid P ro te in  
C o n c e n tra te s .
P ro te in  P roducts Crude P ro te in  
(N x 6 .2 5 )
M oisture Ash L ip id s
Whole Squid 78 .59 8.99 6.1*3 9.51
E v isc e ra te d
Squid 86.85 9.07 3 .81 6.1*5
Undeodorized
I s o la te 89.09 6.81* 2 .1 0 U.07
I s o l a t e s  Deodor­
iz e d  w ith :
Acid - a c t iv a te d  
C lay  ♦ 5% H20^ 89.81* 6 .72 2.15 2.91*
5$ h2o2 ♦ 95* 
E thano l 91.61* 6.92 2.13 1.58
A c id -a c tiv a te d  
C lay ♦ 95% 
E th an o l
90.98 6 .21 2 .21 1.06
S o lv e n t-e x tra c te d
C oncen tra te 95.78 2.22 2.81* 0.08
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p ro te in  c o n c e n tra te  e x h ib i te d  th e  low est l i p i d  c o n te n t (0.08%) o f  nLl 
th e  p ro d u c ts  p rep ared  i n  t h i s  s tu d y . Meinke e t  a l .  (l'?72) re p o rte d  
a  l i p i d  c o n te n t o f  7 -  175& in  an undeodorized  p ro te in  i s o l a t e  o f 
golden  c ro a k e r . T h is v a lu e  i s  e v id e n t ly  much h ig h e r  th an  a  k% l e v e l  
f o r  th e  undeodorized  sq u id  p r o te in  p ro d u c t In  th e  p re se n t s tu d y .
6 .  Amino Acid P r o f i le s
Table 18 p re se n ts  th e  amino a c id  p r o f i l e s  o f th o  v a r io u s  i s o l a t e s  
o f  sq u id  p r o te in  c o n c e n tra te  p rep a red  in  t h i s  s tu d y . For com parative 
p u rp o se s , th e  T able c o n ta in s  a  s ta n d a rd  amino a c id  p r o f i l e  recommended 
by FAO f o r  a  w e ll-b a la n c e d  p r o te in .
W ith th e  e x c ep tio n  o f try p to p h a n , th e  squ id  p r o te in  p ro d u c ts  gene­
r a l l y  c o n ta in  g r e a te r  amounts o f  e s s e n t i a l  amino a c id s  th an  th e  FAO 
recommended s ta n d a rd . C on ten ts o f ly s in e ,  th re o n in e , le u c in e  and 
phenyl a la n in e  e s p e c ia l ly  exceed  a lm ost by a  f a c to r  of two th o se  of 
th e  FAO s ta n d a rd .
Comparison among th e  v a r io u s  sq u id  p ro d u c ts  o b ta in ed  in  t h i s  s tu d y  
re v e a ls  l i t t l e  d if f e r e n c e  w ith  r e s p e c t  to  amino a c id  p r o f i l e s .  The 
r a t i o  o f  e s s e n t i a l  t o  t o t a l  amino a c id s  in  the  p ro d u c ts  o f t h i s  s tu d y  
ranged betw een U2.03 ( is o p ro p a n o l-e x tr a c te d  c o n c e n tra te )  to  lUt.31$ 
(aqueous i s o l a t e  d eo d o rized  w ith  e th a n o l ) .  Note in  T able 16 th a t  
a l l  th e  sq u id  p r o te in  c o n c e n tra te  p ro d u c ts  e x h ib i te d  h ig h e r  e s s e n t i a l  
amino a c id s  t o  t o t a l  amino a c id s  r a t i o s  th a n  the  whole o r e v is c e ra te d  
s q u id .  The is o p ro p a n o l-e x tra c te d  n o n fu n c tio n a l c o n c e n tra te  had a 
s l i g h t l y  low er e s s e n t i a l  t o  t o t a l  amino a c id  r a t i o  th an  th e  aqueous 
i s o l a t e s ,  in  agreem ent w ith  th e  p rev io u s  r e s u l t  o b ta in ed  by lieinke 
e t  a l .  (1972) u s in g  go lden  c ro a k e r  and c a rp .
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TABLE 18. Amino Acid P ro file s  of Squid Protein  Concentrates
( t.
Amino Acid
o be c o n t 'd )  .
Whole E visc . 
sq u id  sq u id
U ndeodori­
zed i s o l a t e
S o lv e n t-
e x t r a c te d
FAO
sta n d a rd





Iso le u c in e
Leucine
Fhe n y la la n in e
Tryptophan














































N o n -E ssen tia l t
H is tid in e 2.93 2.8U 2.86 2.67
A rgin ine 6 .15 7.22 6.1*7 6.73
A s p a rtic  a c id H O K* 10.27 11 .60 11.39
S erin e U.1 0 U.52 5.17 U.92
G lutam ic a c id 16.63 17.26 17.73 17.71*
P ro lin e U.U5 U.58 3.52 3.80
B lycine 5.83 5.20 U.18 5 .16
A lanine U.68 U.U7 1*.1*1 U.22
T yrosine 2.75 3 .1 0 3.93 3.1*5
T o ta l 58.06 59.U6 59.87 60.08
E s s e n t ia l  * 
T o ta l * U1.3U U1.3U 1*1*.67 1*2.Oli
U n it:  gram o f  amino a c id /  100 gram o f p r o te in .
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TABLE 1 8 . Amino Acid P r o f i le s  of Squid Protein Concentrates 
( c o n t 'd ) .













E s s e n t i a l :
Lysine 9.12 9 .21 9 .03 9.92 9.16 8.33
Threonine 5.6b 5 .01 b .7 5 b .92 5.1b b .3 6
V aline 5.37 5.25 5.52 b .8 6 5.58 5.18
M ethionine 3.9b 3 .05 3.1b 3.26 2.96 3.15
Is o le u c in e 6 .3 3 6 .1 0 6.U1 6 .06 6 .26 6 .1 9
Leucine 9.27 8.92 9.U3 9 .09 9.56 9 .20
P h en y la lan in e  l u l l b .5 7 5.1b 5.15 5 .11 5.36
Tryptophan 1.26 1 .19 1.22 1 .23 1 .20 1.18
T o ta l U5.Ob U3.30 bb .6b bb .b 9 bb.97 b2.97
N o n -E ssen tia ls
H is tid in e 2.99 2 .89 3.02 3.26 3.11 2.59
A rgin ine 7 .30 7.13 b .0 7 8.01 6.U8 7.31
A s p a r tic  a . 12 .61 12.bb 11 .00 12.23 11.6b 1 1 .b2
S e rin e 5.61 3 .8 0 3 .80 b .0 9 b .b 5 b .3 2
G lutam ic a . 17 .58 16.59 16 .90 15.66 17.86 17.55
P ro lin e 3.53 3 .28 3 .50 3 .01 3.57 3 .5  6
C lycine b .0 0 3.8b 5 .29 b .3 2 b .0 9 3.85
A lanine b .1 2 3.97 b .1 0 3 .66 b .2 5 b .03
Tyrosine b . l l 3 .15 b.bO 3.96 3.38 3.92
T o ta l 61 .85 57.09 56.08 58.20 58.83 58.55
E s s e n t ia l  * 
" T o ta l b2 .1b b3.13 bb.32 b3.32 b3 .32 b2 .33
U nits  gram o f  amino a c id /  100 gram o f p r o te in .
8k
Comparison with other FPC's (see Appendix Table 6) shows that tie 
essential to total amino acid ratios of the squid protein concentrates 
prepared in this study are of comparable magnitude to those of the 
Astra FPC and an aqueous isolate of golden croaker, and are slightl/ 
higher than the red hake and golden croaker FPC's, both prepared 
through the BCF process.
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EVALUATION AND CONCLUSION
P ro te in  m a ln u tr i t io n  p r e s e n t ly  a f f e c t s  ovei o n e -h a lf  of -he
w o rld ’s p o p u la tio n . P o s s ib i l i ty  o f  a  w orld-w ide famine w i l l  n o t be
e n t i r e l y  d isco u n ted  i f  th e  c u r r e n t  t r e n d  o f  p o p u la tio n  ex p lo s io n  wer-i 
to  co n tinue  u n ab a ted , which f a r  o u t s t r ip s  the p o s s ib le  in c re a se  in  
a g r i c u l tu r a l  food p ro d u c tio n . Snyder (1967) r e p o r ts  th a t  in  UO o u t
o f  60 develop ing  c o u n tr ie s  th e re  i s  a  co n tin u in g  d ec rease  in  per
c a p i ta  p ro d u c tio n  o f  a g r i c u l tu r a l  p ro d u c ts . I t  i s  e v id e n t th a t  a g r i ­
c u l tu re  alone can n o t be depended upon to  f i l l  th e  gap between food 
need and su p p ly . F u rtherm ore , v e g e tab le  p r o te in ,  to d ay  th e  w o r ld 's  
p r in c ip a l  so u rce  o f  t h i s  im p o rtan t n u t r i e n t ,  i s  g e n e ra lly  recogn ized  
to  r e q u ire  su p p lem en ta tio n  w ith  anim al p r o te in  t o  ensu re  adequate human 
n u t r i t i o n .
The b a s ic  concep t o f  m arine anim al p ro te in  c o n c e n tra te  d e r iv e s ,  
bo th  t e c h n ic a l ly  and lo g i c a l ly ,  from a need to  u t i l i z e  the  w o r ld 's  
f i s h e r y  re so u rc e s  more e f f i c i e n t l y  as a sou rce  o f anim al p r o te in  fo r  
human n u t r i t i o n .  Some m arine b io lo g i s t s  p ro je c t  th a t  th e re  i s  enough 
m arine l i f e  i n  th e  s e a  to  supp ly  th e  t o t a l  anim al p ro te in  needs of 
between 5 to  30 b i l l i o n  people (Knobl e t  a l . ,  1971). According to  
Snyder (1 9 6 7 ), o n ly  10^ o f th e  annual m arine anim al p o te n t i a l  i s  
p r e s e n t ly  h a rv e s te d , and n e a r ly  5 0 i o f  t h i s  ca tch  i s  e i t h e r  d isca rd ed  
a t  se a  o r w asted  due to  s p o ila g e .
Of the diverse marine animal species, one which is vastly under- 
harvested is the squid population. Although in many countries squid 
has traditionally been relished as an article of gourmet food, a p re ­
judice against squid has limited the harvest o f th i s  useful marine
b>
l i f e  t o  a  sm all p o r tio n  o f the  ocean . Marine anim al p ro te in  concen­
t r a t e s  as produced to d ay  a re  based e x c lu s iv e ly  on s c a le  f i s h e s .  A num­
b e r  o f e x c e l le n t  q u a l i t i e s  of s q u id , in  p a r t i c u la r  i t s  wide d i s t r i b u ­
t i o n ,  h ig h  f e c u n d ity ,  la c k  of s c a le ,  bone or t o x i c i t y ,  and h igh  
n u t r i t i v e  v a lu e ,  su g g e s t t h a t  sq u id  can be an im p o rtan t so u rce  of raw 
m a te r ia l  f o r  th e  m anufacture o f an econom ical and wholesome m arine 
an im al p ro te in  c o n c e n tra te .
The r e s u l t s  o f  t h i s  s tu d y  dem onstra te  th a t  a fu n c tio n a l p ro te in  
c o n c e n tra te  w ith  a  broad range o f  d e s ir a b le  p r o p e r t i e s ,  such  as organo­
l e p t i c  s t a b i l i t y ,  s o l u b i l i t y ,  em u ls ify in g  a b i l i t y ,  w ater uptake a b i l i t y ,  
d i g e s t i b i l i t y  and h ig h  e s s e n t i a l  amino ac id  c o n te n ts ,  can be p repared  
from squ id  th rough  an aqueous i s o l a t i o n  p ro ced u re . The p ro d u c ts  p re ­
p ared  in  t h i s  s tu d y  tended  t o  e x h ib i t  a  l i p i d  c o n te n t in  ex cess  o f th e  
FAO and FDA s ta n d a rd s .  However, t h i s  may n o t be a  s e r io u s  drawback, 
because th e s e  p ro d u c ts  e m itte d  l i t t l e  f i s h y  f la v o r .  E s p e c ia l ly  th o se  
which have been deodorized  w ith  com binations of a c id - a c t iv a te d  c la y ,
5% H2O2 and 95% e th a n o l e x h ib i te d  le s s  odor th an  the  s o lv e n t-e x tr a c te d  
VioBin FPC w hich i s  s a id  to  have been in c o rp o ra te d  in to  soups, ce rea ] 
fo o d s, b re a d , b i s c u i t s ,  t o r t i l l a s  by up t o  1 0 & w ith o u t being d e te c te d  
by th e  consumer (L evin , 1 959) • A c c e p ta b il i ty  t e s t s  u sing  f is h  p ro te in  
c o n c e n tra te  (Yanez e t  a l . ,  1967} S id w ell e t  a l . ,  1970) in d ic a te  th a t  in  
most c a se s  no more th an  6 t o  8 p e rc e n t o f  m arine anim al p r o te in  con­
c e n t r a te  would be recommended as food a d d it iv e  from th e  s ta n d p o in t  o f 
n u t r i e n t  r e tu r n  p e r  u n i t  o f  c o s t .  Because o f th e  low odor ie v e l  o f 
th e se  aqueously  e x tra c te d  sq u id  p r o te in  c o n c e n tra te s  p rep ared  in  th if  
s tu d y , th e y  could  be used in  foods along  w ith  a s u i ta b le  f la v o r  in g m -
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d ie n t  to  mask th e  o d o r. I t  appears t h a t  th e  te c h n o lo g ic a l  problems 
r e la te d  t o  th e  in c o rp o ra t io n  o f  th e  sq u id  p r o te in  c o n c e n tra te  i r t o  food 
p ro d u c ts  f o r  n u t r i t i o n a l  purposes can be so lv ed  w ith o u t undue d i f f i ­
c u l ty .
One o f th e  r e s u l t s  o f p a r t i c u l a r  i n t e r e s t  in  th e  p re se n t re se a rc n  
i s  th e  s u c c e s s fu l  a p p l ic a t io n  o f a c id - a c t iv a te d  c la y  and hydrogen 
nerox ide  fo r  d e o d o r lz a tio n  o f  squ id  p r o te in  i s o l a t e .  In  the  v eg e tab le  
o i l  and o th e r  e d ib le  o i l  i n d u s t r i e s ,  c la y  has been used to  p u r ify  the  
c o lo r  o f th e  p ro d u ct and remove u n d e s ira b le  o rg an ic  im p u r i t ie s  by 
s e le c t iv e  a d s o rp tio n . Hydrogen p e ro x id e  has a ls o  been used to  b leach  
F P C -fo r t i f ie d  w afers  (M oorjan i, 1970). However, th e  p o te n t i a l  use of 
th e se  m a te r ia ls  as d eo d o riz in g  ag en t has re c e iv e d  l i t t l e  a t t e n t io n .
The p re se n t re s e a rc h  su g g e s ts  t h a t  c la y  and hydrogen p e ro x id e , in  con- 
b in a t io n  w ith  e th a n o l ,  could  have p o s s ib le  a p p l ic a t io n  in  deodoriz ir.g  
o th e r  food p ro d u c ts ,  in c lu d in g  f is h  p ro te in  c o n c e n tra te .
Areas where f u r th e r  in v e s t ig a t io n s  a re  needed in  o rd e r  to  main 
th e  squ id  p r o te in  c o n c e n tra te  a f e a s ib le  food a d d i t iv e ,  in c lu d e  
e v a lu a t io n  o f c o s t  and n u t r i t i o n a l  e f f i c i e n c y .  The c o s t  o f  th e  animal 
p r o te in  c o n c e n tra te  i s  s t ro n g ly  in f lu e n c e d  by two fa c to rs *  (1) p r ic e  
o f th e  raw m a te r ia l ,  and (2 ) d e o d o r lz a tio n . Squid i s  g e n e ra lly  cheaper 
th an  le a n ,  m edium -sized f is h e s  such as hake and cod, which have a la rg e  
m arket as f r e s h ,  f i l l e t e d ,  fro z e n  and canned f i s h .  F u rth erm o re , sq u id , 
w ith  no bone o r  s c a le ,  can be e v is c e ra te d  more econom ically  th an  f i s h .  
I f  a  2% f a t  c o n te n t were a c c e p ta b le ,  the  m anufactu ring  p rocedures of 
squ id  p r o te in  c o n c e n tra te  in v o lv in g  d e o d o r iz a tio n  w ith  a c id - a c t iv a te d  
c la y  p lu s  9$% e th a n o l o r  w ith  5% K2O2 p lu s  9$% e th a n o l (see  Table 9)
would be c o n s id e ra b ly  l e s s  c o s t ly  and perhaps tJie p roduct would be 
J u s t  as u s e fu l  when added to  fo o d s. Hcwever, th i s  f a c to r  needs to  
be in v e s t ig a te d  f u r th e r  in  c o n ju n c tio n  w ith  an a c c e p ta b i l i ty  s tu d y . 
F in a l ly ,  th e  n u t r i t i v e  va lue  com parisons must be c a r r ie d  ou t on the  
b a s is  o f an im al feed in g  t e s t s  to  e s t a b l i s h  p r o te in  e f f ic ie n c y  v a lu es
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SUMMARY
The p re se n t in v e s t ig a t io n  has d em onstra ted  th a t  a fu n c tio n a l 
p r o te in  c o n c e n tra te  can be p rep ared  from sq u id . This fu n c tio n a l 
p ro d u c t was o b ta in ed  th rough  d e o d o r iz a tio n  or’ aqueous pro  Lein i s o la t e  
w ith  com binations o f e i t h e r  a c id - a c t iv a te d  c la y  o r 5% ^2^2 and 95% 
e th a n o l .  In  the  cou rse  o f  t h i s  in v e s t ig a t io n ,  th e  fo llo w in g  f in d in g s  
have been e s ta b l i s h e d .
1 . E x tr a c t io n  o f sq u id  p r o te in  in  th e  aqueous medium i s  i n ­
flu en ced  dom inan tly  by pH, and to  a  l e s s e r  e x te n t  by s a l t  c o n te n t,  
r a t i o  o f  raw m a te r ia l  to  e x t r a c t in g  medium, and te m p e ra tu re .
2 . The s o l u b i l i t y  p r o f i l e  o f  fro z e n  sq u id  meat i s  g e n e ra lly  
s im i la r  to  th o se  o f f i s h ,  bu t i t s  i s o e l e c t r i c  p o in t i s  lo c a te d  n ea r 
pH 5 w hereas th o se  o f f i s h  u s u a l ly  o ccu r between pH $ and 7* The 
maximum s o l u b i l i t y  o f fro z en  sq u id  meat o ccu rred  a t  pH 11.
3 . The y ie ld  o f  sq u id  p r o te in  i s o l a t e s ,  p r e c ip i ta te d  a t  th e  
i s o e l e c t r i c  p o in t  from e x t r a c t s  o b ta in ed  a t  o th e r  pH l e v e l s ,  d ir  in i  shed 
in  p ro p o rtio n  to  th e  in c re a s in g  amount o f s a l t  added in  the medium.
li. At a l l  l e v e ls  o f  e x t r a c t in g  pH, bo th  th e  volume of recovered  
e x t r a c t s  a t  th e  i s o e l e c t r i c  p o in t  and t h e i r  p ro te in  c o n te n t d ec reased  
w ith  th e  in c re a s in g  amount o f  sq u id  in  the  s o lu t io n .
5 . P ro te in  e x t r a c t io n  was more s tro n g ly  dependent upon pH than  
upon tem p era tu re  b o th  in  s in g le  and su c c e ss iv e  e x t r a c t io n  p ro c ed u re s . 
For a l l  p r a c t i c a l  p u rp o se s , e x t r a c t io n  a t  room tem pera tu re  i s  con­
s id e re d  ad eq u a te .
6 . The e x t r a c t  o f sq u id  p ro te in  o b ta in ed  a t  pH 11 i s  capab le  of 
g iv in g  th e  l a r g e s t  y ie ld  in  p r o te in  i s o l a t e .
7 . None o f  th e  d eo d o riz in g  agent:; t e s te d  in  t h i s  re se a rc h , I.* . ,  
5% li202> a c id - a c t iv a te d  c la y  and 95% e th a n o l ,  could  alone accom plish 
com plete d e o d o r iz a tio n  o f sq u id  p ro te in  i s o l a t e .  The use o:’ p a ired  
com binations o f  th e se  d eo d o riz in g  a g e n ts ,  e s p e c ia l ly  those  of 5% H2O2 
p lu s  95% e th a n o l and a c id - a c t iv a te d  c la y  p lu s  95% e th a n o l ,  wis most 
e f f e c t iv e  in  removing odor as  w e ll  as f a t .
8 . S o lv e n t e x t r a c t io n  u s in g  iso p ro p a n o l f a i l e d  to  remove an 
o ffe n s iv e  odor in  the  sq u id  p r o te in  c o n c e n tra te .  In tro d u c tio n  of 95'*> 
e th a n o l ,  e i t h e r  c o ld  o r  h o t ,  fo llo w in g  re p e a te d  e x tr a c t io n s  w ith  
a z e o tro p ic  iso p ro p a n o l was n e c e ssa ry  to  en su re  s a t i s f a c to r y  d e o d o ri­
z a t io n .
9 . Sucrose was more e f f e c t iv e  th a n  f ru c to s e  o r g lucose  in  
a l l e v i a t i n g  f re e z in g  d e n a tu ra t io n  o f the  squ id  p r o te in  i s o l a t e .
10. The sq u id  p r o te in  i s o l a t e s  o b ta in ed  i n  th e  aqueous medium 
and d eo d o rized  w ith  a c id - a c t iv a te d  c la y ,  5% H2O2 , 95% e th a n o l or t h e i r  
p a ire d  co m b in a tio n s, e x h ib i te d  a  s o l u b i l i t y  between 37 -  60$f, w)iich 
was d i s t i n c t l y  h ig h e r  th an  th e  s o l u b i l i t y  (ab o u t 3>) o f  th e  s o lv e n t-  
e x tr a c te d  sq u id  p r o te in  c o n c e n tra te .
11. The sq u id  p r o te in  i s o l a t e s  o b ta in e d  in  the aqueous medium 
and d eo d o rized  w ith  p a ire d  com binations o f  a c id - a c t iv a te d  c la y ,  5 % H2O2 
and 95% e th a n o l e x h ib i te d  d i s t i n c t l y  h ig h e r  em ulsion s t a b i l i t y  ifro ii 
50 t o  55 m in; th an  th a t  of Na c a s e in a te  (25 m in ). Qmulsion s t a b i l i t y
o f th e  d en a tu red  s o lv e n t- e x t r a c te d  sq u id  p r o te in  c o n c e n tra te  was as low 
as 2 m in.
12 . D eo d o riza tio n  u s in g  a c id - a c t iv a te d  c la y ,  5 (  H2O2, 95$ e th a n o l 
o r t h e i r  D aired  com binations a f f e c te d  th e  sw e llin g  and w e ttin g  a b i l i t y  
o f the  aqueous sq u id  p ro te in  i s o l a t e s  on ly  to  a n e g l ig ib le  e x te n t .
The s o lv e n t- e x tr a c te d  squ id  p ro te in  c o n c e n tra te  e x h ib ite d  n e i th e r  
sw e llin g  n o r w e ttin g  p r o p e r t i e s .
13 . The aqueous sq u id  p ro te in  i s o l a t e s ,  bo th  deodorized  and 
u n d eo d o rized , as w e ll  as th e  s o lv e n t- e x tr a c te d  sq u id  p ro te in  concen­
t r a t e ,  e x h ib i te d  e x c e l le n t  p ep s in  d i g e s t i b i l i t y  (98.75 -  99.99>) to  
r e a d i ly  s a t i s f y  th e  FAO s ta n d a rd  (92%).
1U. The deodorized  aqueous squ id  p r o te in  i s o l a t e s  had l i p i d  
c o n te n ts  (1 -  3 / )  h ig h e r  than  the  FAO and FDA s ta n d a rd s  (0 .5  -  1 .7 5 /) .  
P ro te in  c o n te n ts  o f  th ese  p ro d u c ts  (89 -  95^) approached th o se  o:’ th e  
com m ercially  produced s o lv e n t- e x tr a c te d  FPC's u s in g  e v is c e ra te d ,  
deboned f is h  o r  f i l l e t s .  The s o lv e n t- e x tr a c te d  squ id  p ro te in  concen­
t r a t e  e x h ib ite d  a  l i p i d  c o n te n t o f  o n ly  0 .0 8 ^ .
15 . The squ id  p ro te in  c o n c e n tra te s ,  b o th  th e  aqueous i s o la t e s  
and the  s o lv e n t- e x tr a c te d  c o n c e n tra te ,  co n ta in ed  g r e a te r  amounts of 
e s s e n t i a l  amino a c id s  th an  the FAO recommended s ta n d a rd s ,  w ith  the  
e x c e p tio n  o f try p to p h a n . W ith re sp e c t  to  th e  r a t i o  o f e s s e n t i a l  to  
t o t a l  amino a c id s ,  th e se  squ id  p ro te in  c o n c e n tra te  p ro d u c ts  were 
com parable to  th e  A s tra  FPC and s l i g h t l y  h ig h e r  th an  golden  c ro a k e r  
and red  hake FPC's o repared  th rough  th e  BCF p ro c e ss .
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K r i s h n a s w a m y ,  M . A . ,  S .  B .  K a d o l  a n d  G .  B .  R e v a n k a r .  1 9 6 5 *  N u t r i ­
t i o n a l  e v a l u a t i o n  o f  a n  e n s i l e d  p r o d u c t  f r a n  f i s h .  C a n .  J .  
B i o c h e m .  U 3 *  1 9 7 9 - 1 8 8 3 .
K v e e ,  W . H . ,  V .  0 .  S i d w e l l ,  R .  C .  W i l e y ,  a n d  0 .  A . H a m m e r l e .  1 9 6 9 .
Q u a l i t y  a n d  n u t r i t i v e  v a l u e  o f  p a s t a s  m a d e  f r o m  r i c e ,  c o r n ,  
s o y a  a n d  t a p i o c a  e n r i c h e d  w i t h  f i s h  p r o t e i n  c o n c e n t r a t e .
C e r e a l  C h e m . 1 * 7 ( 1 ) :  7 8 - 8 1 * .
L a h i r y ,  N .  L . ,  M . N .  M o o r j a n i ,  K . V i s w e s w a r i a h ,  S .  R .  S h u s p a l e k a r ,  M . 
S u r a m i n a t h a n ,  A .  S r e e n i v a s a n ,  a n d  V* S u b r a h m a n y a n .  1 9 6 2 .  
P r e p a r a t i o n  o f  e d i b l e  f i s h  f l o u r  f r o m  o i l  s a r d i n e  ( C l u p e a  
l o n g l c e p s ) .  F o o d  S c i .  1 1 ( 2 ) t  3 7 - 3 9 .
L a w l e r ,  F .  K .  1 9 7 0 .  P u r e  f i s h  p r o t e i n .  F o o d  E n g . ,  A u g .*  6 1 - 6 5 .
L e v i n ,  E .  1 9 5 2 .  D r y i n g  a n d  d e f a t t i n g  t i s s u e .  U .  S .  P a t e n t  2 , 6 1 9 , 1 * 2 5 .
L e v i n ,  E .  a n d  R .  K .  F i n n .  1 9 5 5 .  A p r o c e s s  f a r  d e h y d r a t i n g  a n d  d e f a ­
t t i n g  t i s s u e  a t  l o w  t e m p e r a t u r e .  C h e m . E n g .  P r o g r e s s  5 1 ( 5 ) :  
223- 226.
L e v i n ,  E .  1 9 5 9 .  F i s h  f l o u r  a n d  f i s h  m e a l  b y  a z e o t r o p i c  s o l v e n t  
p r o c e s s i n g .  F o o d  T e c h .  1 3 ( 2 ) s 1 2 2 - 1 3 5 .
L i b r a r y  o f  C o n g r e s s .  1 9 7 0 .  F i s h  P r o t e i n  C o n c e n t r a t e  -  A c o m p r e h e n s i v e  
b i b l i o g r a p h y .  S p e c i a l  B i b l i o g r a p h i e s  S e c t i o n ,  S c i e n c e  a n d  
T e c h n o l .  D i v i s i o n ,  L i b r a r y  o f  C o n g r e s s ,  W a s h i n g t o n ,  D . C .
7 7  p p .
L o m b a r d ,  J .  H .  a n d  D . J .  d e  L a n g e .  1 9 6 5 .  T h e  c h e m i c a l  d e t e r m i n a t i o n  
o f  t r y p t o p h a n  i n  f o o d s  a n d  m i x e d  d i e t s .  A n a l y t .  B i o c h e m .
1 0 :  2 6 0 - 2 6 5 .
L o r i n e z ,  F .  1 9 5 1 .  T h e  m a n u f a c t u r e  o f  p r o t e i n  f r o m  h o m e - p r o d u c e d  
s o - c a l l e d  " m a s s  f l s h n .  E l e m e z .  I p a r . ,  B u d a p e s t ,  5 s  7 2 - 7 5  
( i n  F o o d  S c i .  A b s t .  2 9 s  3 3 ,  1 9 5 7 ) .
L o v e ,  R .  M. 1 9 6 2 .  N ew  f a c t o r s  i n v o l v e d  i n  t h e  d e n a t u r a t i o n  o f  f r o z e n  
c o d  m u s c l e  p r o t e i n .  J .  F o o d  S c i .  2 7 s  51*1*.
L y l e s ,  C .  H .  1 9 6 8 .  T h e  s q u i d  f i s h e r y .  H i s t o r i c a l  s t a t i s t i c s .  C . F . S .  
1 * 8 3 3 , B u r .  o f  C cm m . F i s h . ,  D e p a r t m e n t  o f  I n t .  1 9  p p .
M a t  t i l ,  K . F .  1 9 7 1 .  T h e  f u n c t i o n a l  r e q u i r e m e n t s  o f  p r o t e i n s  f o r  f o o d s  
J .  A m . O i l  C h e m . S o c .  1*8 s 1 * 7 7 -1 * 8 0 .
M c B r i d e ,  J .  R . ,  D .  R .  I d l e r  a n d  R .  A .  M a c L e o d .  1 9 6 1 .  T h e  l i q u e f a c ­
t i o n  o f  B r i t i s h  C o l u m b i a  h e r r i n g  b y  e n s i l a g e ,  p r o t e o l y t i c  
e n z y m e s  a n d  a c i d  h y d r o l y s i s .  J .  F i s h .  R e s .  B d . ,  C a n a d a .
1 8  s 9 3 - 1 1 2 .
M B d w a d o w s k i ,  B .  F . ,  J .  v a n  d e r  V e e n ,  a n d  H .  S .  O l c o t t .  1 9 6 7 *  N a t u r e  
o f  t h e  r e s i d u a l  l i p i d s  i n  f i s h  p r o t e i n  c o n c e n t r a t e .  J .  F o o d  
T e c h .  3 2 :  3 6 1 - 3 6 5 .
M e i n k e ,  W . W ., R. A. M u h a m m a d , a n d  K . F .  M a t t i l .  1 9 7 2 .  S o m e  f a c t o r s  
i n f l u e n c i n g  t h e  p r o d u c t i o n  o f  p r o t e i n  i s o l a t e s  f r o m  w h o l e  
f i s h .  J .  F o o d  S c i .  3 7 *  1 9 5 - 1 9 8 .
M i g i t a ,  M . 1 9 5 3 .  C h a r a c t e r i s t i c s  o f  s q u i d  m e a t .  B u l l .  J a p .  S o c .  S c i  
F i s h .  1 8 ( 1 0 ) :  1 1 0 - 1 2 6 .
M o h a n t y ,  G .  B .  a n d  A. B .  R o y .  1 9 5 5 .  H y d r o l y z e d  f i s h  p r o t e i n  f r o m  t h e  
f l e s h  o f  w a s t e  f i s h .  S c i e n c e  1 2 1 ( 3 1 3 2 ) *  1*1-1*2 .
M o o r j a n i ,  M . N . ,  R. B a l a k r i s h n a n  N a i r  a n d  N .  L .  L a h i r y .  1 9 6 8 .
Q u a l i t y  o f  f i s h  p r o t e i n  c o n c e n t r a t e  p r e p a r e d  b y  d i r e c t  e x t r a c ­
t i o n  o f  f i s h  w i t h  v a r i o u s  s o l v e n t s .  F o o d  T e c h .  21** 1 5 5 7 - 1 5 6 1
M o o r j a n i ,  M . N .  1 9 7 0 .  F i s h  p r o t e i n  c o n c e n t r a t e  s t o r y .  1 2 .  P r o c e s s ­
i n g  o f  p r o t e i n  e n r i c h e d  w a f e r s .  F o o d  T e c h .  21*i 6 0 - 6 3 .
M o o r  j a n i ,  M . N .  a n d  M. H .  L a h i r y .  1 9 7 0 .  T h e  f i s h  p r o t e i n  c o n c e n t r a t e  
s t o r y .  9 .  E f f o r t s  i n  I n d i a .  F o o d  T e c h .  21** 5 6 - 5 9 .
M o s h y ,  R .  J .  1 9 6 3 .  P r e p a r a t i o n  o f  a n  i m p r o v e d  w h i p p i n g  a g e n t .  C a n .  
P a t e n t  6 6 3 , 5 5 6 .  M ay  2 1 ,  1 9 6 7 .
N o g u c h i ,  E . ,  G .  K i z a k i  a n d  T .  N i s h i d a .  1 9 5 1 .  R e s e a r c h  o n  t h e  m a r i ­
n a t e d  f i s h .  I .  O n t h e  s w e l l i n g  o f  f i s h  m u s c l e  i n  a c i d  
s o l u t i o n .  B u l l .  J a p .  S o c .  S c i .  F i s h .  1 6 ( 1 2 ) :  2 5 - 2 8 .
N o g u c h i ,  E .  a n d  J .  J .  M a t s u m o t o .  1 9 7 0 .  S t u d i e s  o n  t h e  c o n t r o l  o f
t h e  d e n a t u r a t i o n  o f  t h e  f i s h  m u s c l e  p r o t e i n s  d u r i n g  t h e  
f r o z e n  s t o r a g e .  I .  P r e v e n t i v e  e f f e c t  o f  N a - g l u t a m a t e .  B u l l .  
J a p .  S o c .  S c i .  F i s h .  3 6 ( 1 0 ) *  1 0 7 9 - 1 0 8 9 .
O b a t a ,  Y . ,  K . H o e  h i  a n d  K . M a t s u n o .  1 9 l* 9 .  C h e m i c a l  s t u d i e s  o n  t h e  
s u b s t a n c e  o f  f i s h  s m e l l .  I .  S u b s t a n c e s  c o n c e r n e d  w i t h  f i s h y  
s m e l l  a n d  n a t u r a l  c o l o r a t i o n  o f  f i s h  o i l .  B u l l .  J a p .  S o c .
S c i .  F i s h .  1 5 ( 8 ) *  1*12*4*11*.
O b a t a ,  Y . ,  a n d  T .  Y a m a n i s h i .  1 9 5 1 *  S t u d i e s  o n  t h e  s u b s t a n c e  o f  f i s h  
s m e l l .  I V .  T h e  c o m p o n e n t s  o f  n u c i l a g e n o u s  s u b s t a n c e s  o f  
s a l m o n s  c a u g h t  a t  s e a  ( a n d  e e l s ) .  B u l l .  J a p .  S o c .  S c i .  F i s h .  
1 6 ( 8 ) *  3 6 1 - 3 6 2 .
O b a t a ,  Y .  a n d  T .  Y a m a n i s h i .  1 9 5 2 .  C h e m i c a l  s t u d i e s  o n  t h e  s u b s t a n c e  
o f  f i s h  s m e l l .  V .  A r o m a  o f  c o o k e d  f i s h .  B u l l .  J a p .  S o c .  S c i .  
F i s h .  1 7 ( 1 0 ) *  3 8 - 1 * 0 .
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O b a t a ,  Y .  a n d  K . M a t a n o .  1 9 5 3 *  S t u d i e s  o n  t h e  o d o r  o f  c u t t l e - f i s h  
l i v e r  o i l .  I I I .  I d e n t i f i c a t i o n  o f  c a r b o n y l  c o m p o u n d s  b y  
a e r a t i o n .  B u l l .  J a p .  S o c .  S c i .  F i s h .  1 8 ( 1 0 ) *  6 U - 6 6 .
O n i s h i ,  r .  a n d  H .  H i g a s h i .  1 9 6 8 .  S t u d i e s  o n  l i q u e f i e d  f i s h  p r o t e i n .
I I I .  O d o r  a n d  p e p t i d e  c o m p o s i t i o n  o f  " l i q u e f i e d  f i s h  p r o ­
t e i n . "  B u l l .  T o k a i  R e g .  F i s h .  R e s .  L a b .  5 5 *  2 2 5 - 2 3 5 .
P a r i s e r ,  E .  R .  1 9 6 7 .  F i s h  p r o t e i n  c o n c e n t r a t e  s t o r y .  2 .  T h e  d e e p  
y a m  o f  F P C .  F o o d  T e c h .  2 8 ( 8 )  t  7 0 - 7 1 .
P a r i s e r ,  E .  R .  a n d  E .  O d l a n d .  1 9 6 3 .  M IT -U N IC E F  s t u d i e s  o n  t h e  p r o ­
d u c t i o n  o f  f i s h  p r o t e i n  c o n c e n t r a t e  f o r  h u m a n  c o n s u m p t i o n .  
C om m . F i s h .  R e v .  2 5 *  6 - 1 3 *
P o w e r ,  H .  E .  1 9 6 2 .  A n  I m p r o v e d  m e t h o d  f o r  t h e  p r e p a r a t i o n  o f  f i s h
p r o t e i n  c o n c e n t r a t e  f r o m  c o d .  J .  F i s h .  R e s .  B d . ,  C a n a d a .  
1 9 ( 6 ) *  1 0 3 9 - 1 0 * 5 .
P o w e r ,  H .  E .  1 9 6 1 * . C h a r a c t e r i s t i c s  a n d  n u t r i t i o n a l  v a l u e  o f  v a r i o u s  
f i s h  p r o t e i n  c o n c e n t r a t e s .  J .  F i s h .  R e s .  B d . ,  C a n a d a .
2 1 ( 6 ) *  1 1 * 8 9 - 1 5 0 3 .
R o g e r s ,  W . I .  1 9 6 3 .  H e a t - c o a g u l a b l e  p r o t e i n  f r o m  f i s h .  U .  S .  P a t e n t  
3 , 0 9 9 , 5 6 2 ,  J u l y  3 0 ,  1 9 6 3 .
R o u b a l ,  W . T .  1 9 7 1 .  F r e e  r a d i c a l s ,  m a l o a l d e h y d e  a n d  p r o t e i n  d a m a g e
i n  l i p i d  p r o t e i n  s y s t e m s .  L i p i d s  6 *  6 2 .
S a h a ,  K . C .  1 9 1 * 0 . E f f e c t  o f  b o i l i n g  a n d  f r y i n g  o n  t h e  e n z y m a t i c
h y d r o l y s i s  o f  f i s h  p r o t e i n .  J .  I n d .  C h e m . S o c .  1 7 *  2 5 9 - 2 6 3 .
S e n ,  D .  P . ,  N .  V .  S r i p a t h y ,  N .  L .  L a h i r y ,  A .  S r e e n i v a s a n  a n d  V .
S u b r a h m a n y a n .  1 9 6 2 .  F i s h  h y d r o l y s a t e s .  I .  R a t e  o f  h y d r o ­
l y s i s  o f  f i s h  f l e s h  w i t h  p a p a i n .  F o o d  T e c h .  1 6 ( 5 ) *  1 3 8 - 1 1 * 1 .
S h i m i z u ,  W . a n d  M . T a k e  d a .  1 9 5 2 .  S t u d i e s  o n  m u s c l e  o f  a q u a t i c
a n i m a l s .  1 2 .  D i s t r i b u t i o n  o f  e x t r a c t i v e  n i t r o g e n  i n  m u s c l e  
o f  s q u i d s .  B u l l .  J a p .  S o c .  S c i .  F i s h .  1 8 ( 6 ) *  2 3 3 - 2 3 6 .
S h i m i z u ,  W . ,  S .  H i b i k i ,  a n d  S .  N a g a s a k i .  1 9 5 5 m .  S t u d i e s  o n  p u t r e ­
f a c t i o n  o f  a q u a t i c  p r o d u c t s .  X V I I I .  O n p u t r e f a c t i o n  o f  s o m e  
w h i t e - m u 8 c l e  f i s h e s ,  m o l l u s c s  a n d  s h r i m p .  B u l l .  J a p .  S o c .
S c i .  F i s h .  2 0 ( 9 ) *  8 G l* - 8 0 7 .
S h i m i z u ,  W . a n d  S .  H i b i k i .  1 9 5 5 b .  S t u d i e s  o n  p u t r e f a c t i o n  o f
a q u a t i c  p r o d u c t s .  X I X .  I n f l u e n c e s  o f  c e r t a i n  s u b s t a n c e s  u p o n  
h i s t a m i n e  f o r m a t i o n .  B u l l .  J a p .  S o c .  S c i .  F i s h .  2 0 ( 9 ) t 8 0 8 -  
8 1 0 .
99
S i d w e l l ,  D .  1 9 6 7 *  F P C  I n  f o o d s .  A c t i v i t i e s  R a p t .  1 9 ( 1 ) t 1 1 8 - 1 2 1 * .
S i d w e l l ,  D . ,  B .  R .  S t i l l i n g s  a n d  Q .  M . K n o b l ,  J r .  1 9 7 0 .  T h e  f i s h  
p r o t e i n  c o n c e n t r a t e  s t o r y .  1 0 .  U .  S .  B u r e a u  o f  C o m m e r c i a l  
F i s h e r i e s  F P C 's *  N u t r i t i o n a l  q u a l i t y  a n d  u s e  i n  f o o d s .
F o o d  T e c h .  21** 8 7 6 - 8 8 2 .
S n y d e r ,  D .  G. 1 9 6 7 .  F i s h  p r o t e i n  c o n c e n t r a t e  s t o r y .  5 .  B u r e a u  o f  
C o m m e r c i a l  F i s h e r i e s  p r o g r a m .  F o o d  T e c h .  2 1 ( 9 ) *  7 0 - 7 1 .
S o e d a ,  J .  1 9 5 6 .  S t u d i e s  o n  t h e  e c o l o g y  a n d  t h e  b r e e d i n g  h a b i t s  o f  
t h e  s q u i d ,  O m m a s t r e p h e s  s l o a n i  p a c i f i o u s  ( S t e e n s t r u p ) .
B u l l .  H o k k a i d o  R e g .  F i s h .  R e a .  L a b .  11** 1 - 2 1 * .
S p i n e 1 1 1 ,  J .  a n d  B. K o u r y .  1 9 7 0 .  H i o s p h a t e  c o m p l e x e s  o f  s o l u b l e  f i s h  
p r o t e i n s .  A g r .  a n d  F o o d  C h e m . 1 8 *  281*.
S p i n e l l i ,  J . ,  B .  K o u r y  a n d  R .  M i l l e r .  1 9 7 2 a .  A p p r o a c h e s  t o  t h e  u t i ­
l i z a t i o n  o f  f i s h  f o r  t h e  p r e p a r a t i o n  o f  p r o t e i n  i s o l a t e s *  
I s o l a t i o n  a n d  p r o p e r t i e s  o f  m y o f i b r i l l a r  a n d  s a r c o p l a s m i c  
f i s h  p r o t e i n s .  J .  F o o d  S c i .  3 7 *  5 9 9 - 6 0 3 .
S p i n e l l i ,  J . ,  B .  K o u r y  a n d  R .  M i l l e r .  1 9 7 2 b .  A p p r o a c h e s  t o  t h e  u b i -  
l i z a t i o n  o f  f i s h  f o r  t h e  p r e p a r a t i o n  o f  p r o t e i n  i s o l a t e s *  
E n z y m i c  m o d i f i c a t i o n  o f  m y o f i b r i l l a r  f i s h  p r o t e i n .  J .  F o o d  
S c i .  3 7  * 6 0 1 * - 6 0 8 .
S r i p a t h y ,  N .  V . ,  D .  P .  S e n ,  N .  L .  L a h i r y ,  A .  S r e e n i v a s a n ,  a n d  7 .
S u b r a h m a n y a n .  1 9 6 2 .  F i s h  h y d r o l y s a t e s .  I I .  S t a n d a r d i z a t i o n  
o f  d i g e s t i o n  c o n d i t i o n  f o r  p r e p a r a t i o n  o f  h y d r o l y s a t e s  r i c h  
i n  p e p t o n e s  a n d  p r o t e o s e s .  F o o d  T e c h .  1 6 *  1 1 * 1 -1 1 * 2 .
T a d a ,  S .  a n d  T .  N a k a y a m a ,  1 9 5 6 .  T r e a t m e n t  o f  f i s h .  J a p .  P a t e n t  
9 8 3 3 / 5 6 ,  N o v .  1 6 ,  1 9 5 6 .
T a k e i ,  T .  1 9 U 8 .  M e th o d  t o  p r o c e s s  m a r i n e  i n v e r t e b r a t e s .  J a p .
P a t e n t  1 7 6 8 1 * 6 .
T a n n e n b a u m ,  S .  R . ,  M . A h e r n  a n d  R .  P .  B a t e s .  1 9 7 0 a .  S o l u b i l i z a t i o n  
o f  f i s h  p r o t e i n  c o n c e n t r a t e .  1 .  A n  a l k a l i n e  p r o c e s s .  F o o d  
T e c h .  21** 6 0 1 * - 6 0 7 .
T a n n e n b a u m ,  S . R . ,  R .  P. B a t e s  a n d  L .  B r o d f e l d .  1 9 7 0 b .  S o l u b i l i ­
z a t i o n  o f  f i s h  p r o t e i n  c o n c e n t r a t e .  2 .  U t i l i z a t i o n  o f  t h e  
a l k a l i n e  p r o c e s s  p r o d u c t .  F o o d  T e c h .  2l** 6 0 7 - 6 0 9 .
V a n  V e e n ,  A .  G . 1 9 6 5 .  F e r m e n t e d  a n d  d r i e d  s e a f o o d  p r o d u c t s  i n  
S o u t h e a s t  A s i a .  I n  " F i s h  a s  F o o d "  b y  Q .  B o r g s t r a m  ( e d . ) ,
3  * 2 2 7 - 2 5 0 ,  A c a d e m i c  P r e s s ,  N ew  Y o r k .
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V a n  V e e n ,  A .  G .  a n d  K . H .  S t e l n k r a u s .  1 9 7 0 .  N u t r i t i v e  v a l u e  a n d  
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TABLE 1 . Annual la n d in g s  o f  sq u id  fo r  th e  y ea rs  1^61 through 
1966 by m ajor sq u id  producing c o u n tr ie s .
D ata f ra n  Yearbook o f  F ish e ry  S t a t i s t i c s  fo r  1966, 
F .A .O ., as quoted  by A lton (1969).
Unit* 1,000 metric tons
C ountry 1961 1962 1963 196)i 1965 1966
Japan U37.1 588.8 652 .1 306.2 h7 9 .0 J166.6
Korea 8 3 .0 56 .9 116.9 86.6 70.6 75 .5
Soain 1 2 .9 15 .2 1L.5 15.5 19 .1 15.7
U.S.A. 6 .2 6 .5 7.U 8 .5 9 .6 9 .5
Taiwan L . l 8 .6 9 .8 9 .3 8 .8 11.1
C acacia 9 .0 0 .8 2.L 10 .8 7 .9 ii.9
Norway - o.O 0 .5 1 .5 10 .8 2 .2
I t a l y h .8 U.2 h,U 5 .0 6 . 6 7 .2
France L.7 3 .8 3 .3 1.8 3.9 3.7
T o ta l 568 .0 698 .0 820.0 U53.0 623 .0 6 0 7 .0
APPENDIX
TABLE 2. Harvest of marine animals by Japan for the years 1959 
to 1962.
Data from Borgstrom, 196U, as quoted by Alton, 1969. 
Unit* 1,000 metric tons
Group 1959 1960 1961 1962
Squid 533 5U2 U57 612
S h e l l f i s h  in c lu d in g  
sq u id 1,175 1,233 1,151 1,181
F is h U,326 U,523 5,082 5,683
T o ta l  la n d in g s 5,5Ub 5,805 6,365 6,8o5
APPENDIX
TABLE 3 .  A n n u a l  l a n d i n g s  a n d  v a lu es  o f sq u id  in  C a l i fo rn ia  fo r  
t h e  y e a r s  1 9 6 1  to  1 9 6 6 .
D a t a  f r o m  L y l e s ,  1 9 6 8 .
1961 1962 1963 1961* 1965 1966
L anding , in  thousand
m e tric  to n s  5 .2  L .7  5 .8  8 .2  9 .3  9 .5
V alue, in  thousands
o f  d o l l a r s  231 .0  16 8 .0  21*0.0 333 .0  30d.U 1*51.0
Ranking by w eigh t 10 10 8 7 5 8
APPENDIX
TABLE U. FAO and FDA standards for l'lsh  p rotein  conoe:ir,ra ta .
P ro te in
N x 6 .25  
P ro te in  C ontent
P ro te in  Q u a lity
P epein  D i g e s t i b i l i t y
A v a ilab le  Lysine
M oisture
F a t
R es id u a l S o lv en ts  
Iso p ro p an o l 
02^012  
C hloride 





m in. 6 . 5/0 o f 









max. 10*  
max. 0 .5 *





TAJiLE 5 . Comparison of proximate com posltlons between v ario u s  
fish protein concentrates.




M o i s t u r e
%
Raw Materia1
Q u in te ro , 
C hile (a )
VioBin (b)
BCF (c)
H a lifa x , 
Canada (d )
7 2 .8 -8 1 .6  0 . 1 -0 .3
77.2

















A s tra ,
Sweden (e )
NMFS,
enzymic ( f )
92 .6
77.23
0.072 U.73 E v is c e ra te d ,
deboned f i s h
0 .16  U.U* Red Hake
(a )  Yanez a t  a l . , 1967.
(b ) L ev in , 1959.
(c )  F is h e r ie s  L e a f le t  $8b, Bureau o f Comm. F i s h . ,  1966.
(d) Power, 196U.
(e )  L aw ler, 1970.
( f )  H ale , 1972. T est sample using Pancreatin as proteolytic 
enzyme.
APPENDIX
TABLE 6 . Amino acid  p attern s in  se v er a l w e ll - k n o w  f i s h
p rote in  con cen tra tes .
F ish  P ro te in  C o n cen tra tes
(a )  (b) (c )  (d) (<■•)
Amino A cids A stra NMFS 3CF BCF I s o
E s s e n t i a l :
Lysine 9 . 3 8 7 . U 8 8 . h i 8 . 9 7 . 8
T re  o nine U .U 5 3 . 8 U i i . U  7 U . l a . 9
V aline 5 . 9 5 U . 3 8 5 . 2 6 U .O a  . 6
M ethionine 3 . 5 5 2 , 6 6 3 . 3 0 2 . 8 2 . 6
Iso le u c in e U . 6 8 3 . 7 7 a . 5 6 3 . 5 a . 5
Leucine 8 . 2 7 6 . 5 U 7 . 7 8 6 . 5 7 . 6
P heny la lan ine U .2 U 3 . 8 U 3 . 3 2 3 . 3 3 . 7
Tryptophan 1 . 6 5 0 . 7 5 1 . 0 3 •
N o n -E sse n tia l:
A rginine 6 . 3 9 7 . 1 3 b.h a . 9
A sp a rtic  a c id 9 . 8 U 1 0 . 3 5 8 . 1 8.9
S erin e l i . 1 9 a .65 2 . 5 3 . 8
Glutam ic ac id 1 U . 6 0 1 5 . 3 9 1 2 . 7 1 3 . 3
P ro lin e 3 . 6 6 5 . 2 1 5 . 9 3 . 5
l ly c in e U . 0 8 8 . 0 9 7 . 5 a . i
Alanine 5 . 9 7 o . 8 1 6 . 0 5 . 3
T yrosine 3 . 6 6 3 . 3 5 2 . 7 3 . 2
C ystine 1 . 6 6 0 . 7 7 - -
H is tid in e 2 . 6 0 ,’ . 0 0 1 . 9 1 . 9
(a )  L aw ler, 1970.
(b ) H a le , 1970; enzymic h y d ro ly s is .
(c )  Red Hake.
(d ) Golden C roaker.
(e )  I s o e l e c t r i c  p r o te in  o f  golden c ro a k e r;  Meinke e t  a i . ,  1972.
ue
APPENDIX
TA BLE 7 *  C h a r a c t e r i s t i c s  o f  a c i d - a c t i v a t e d  c l a y ,  Im pact 1 $ C .
V o l a t i l e  M a t t e r  
B o i l  O u t  A c i d i t y
R e s i d u a l  C h l o r i d e ,  a s  C l '  
pH  o f  C l a y  
S c r e e n  A n a l y s i s
1 8  -  2 5 *
E q u iv a le n t to  0 .7  mg o f  
KDH p e r  gram o f c la y ,  
maximum
0.09% maximum
1 . 9  -  2 . 5
97* th rough  200 mesh s c re e n , 
minimum
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A P P B fD IX
TABLE 8 .  C h a r a c t e r i s t i c s  o f  a c i d • a c t i v a t e d  c l a y ,  
E x p e r i m e n t a l  I m p a c t  1 2 .
N a s h  R a n g e
M o i s t u r e  a t  2 2 0 #C
% V o l a t i l e  M a t t e r  
a t  1 7 8 0 ® F
pH
A p p a r e n t  D e n s i t y ,  p a c k e d
B o i l  O u t  A c i d i t y  
m l  K D K /n g  C l a y
C o l o r
30/60 
12 -  I]**
22 -  2U
2 . 3  -  3 . 2
U li -  U 6 #  p e r  c u .  f t .
0 . 2 5  -  0 . 5 0 ,  g u a r a n t e e d  
m a x im u m  1 . 5 £
O f f  w h i t e  -  c r e a m
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A PPE N D IX
TABLE 9 .  C h a r a c t e r i s t i c s  o f  a c i d - a c t i v a t e d  c l a y ,  
I m p a c t  1 0 0 - R R .
V o l a t i l e  M a t t e r  
B o i l  O u t  A c i d i t y
R e s i d u a l  C h l o r i d e ,  a s  C l*  
pH  o f  C l a y  
S c r e e n  A n a l y s i s
18 -  23*
E q u i v a l e n t  t o  1 . 0  m g  o f  
KDH p e r  g r a m  o f  c l a y ,  
m a x im u m
0 .12* maximum
2 .5  -  3 .2
9 7 *  t h r o u g h  2 0 0  m e s h  
s c r e e n ,  m in im u m
I l l
A PPEN D IX
TA BLE 1 0 .  C h a r a c t e r i s t i c s  o f  a c i d - a c t i v a t e d  c l a y ,  
S u p a c t  1 0 0 .
V o l a t i l e  H a t t e r  
B o i l  O u t  A c i d i t y
R e s i d u a l  C h l o r i d e ,  a s  C l '  
pH o f  C l a y  
S c r e e n  A n a l y s i s
1 8  -  2256
E q u i v a l e n t  t o  0 . 5  rag 
o f  KDH p e r  g r a m  o f  c l a y ,  
m a x im u m
0 . 0 9 6  m a x im u m
3 . 3  -  U .3
9 7 6  t h r o u g h  2 0 0  m e s h  
s c r e e n ,  m in im u m
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